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ABSTRACT 
The purpose of this dissertation was to examine the role of agriculture education in 
providing instruction on concepts of biotechnology in a manner that helps students to focus on 
the science behind the process.  This study examines the factors that influence educators 
understanding of biotechnology, and their willingness to provide instruction on concepts 
surrounding aspects of biotechnology. This study encompassed 4 specific objectives. 1) Describe 
the breadth of professional development activities in biotechnology education. 2) Describe 
demographic characteristics and experiences of agricultural educators, as it pertains to their 
comfort level in presenting agricultural biotechnology topics in the classroom. 3) Identify current 
biotechnology professional development efforts utilized to stimulate long term use of 
biotechnology curriculum. 4) Identify motivation for teachers to include biotechnology 
curriculum into the classroom.  
Objective one is explored within Chapter 3, which provides an extensive literature 
review, exploring definitions and history of biotechnology, as well as describing the role of 
education and the diffusion of innovation.  In this, Chapter 3 looks at professional development 
experiences and resources available in the area of biotechnology. 
Chapter 4 explored teachers’ confidence level in teaching biotechnology concepts, the 
professional development activities, as well as motivation and perceived barriers to teaching the 
concepts.  The Chapter explored the demographic information of the agricultural educators (n = 
74) in the study, including discussing the examples of professional development opportunities 
the educators participated in and the resources they utilized in the classroom.  This chapter 
addresses the research objectives two and three.   
xii 
The fifth chapter focuses on a snapshot of agricultural science teachers (n = 12) whom 
have participated in either a National Association of Agricultural Educators (NAAE) or 
National FFA Teacher Workshop or have had students participating in a state-level 
Biotechnology Career Development Event (CDE).  The teachers in the study came from 8 
different states and all provided instruction in agriculture on the secondary level. 
Chapter 5 examines the third and fourth research objectives, with an article providing 
descriptive information on educator’s background teaching biotechnology education, 
professional development experiences within biotechnology, and motivations and perceived 
barriers to the inclusion of biotechnology concepts within their curriculum. Chapter six includes 
the dissertation’s general conclusions and recommendations from the research. 
Overall, this study provides agricultural groups, including state associations, those 
involved in the creation of both professional development experiences and curriculum, a 
snapshot of the needs of agricultural science teachers, as well as an understanding of their 
motivations and perceived barriers in presenting biotechnology concepts to secondary students. 
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CHAPTER 1.    GENERAL INTRODUCTION 
This chapter includes the background and setting, purpose and objectives, organizational 
structure, assumptions and limitations, and definition of terms.    
 
Background and Setting 
Biotechnology - the interception of biology and technology (Moldenhauer, 2013) and a 
word that brings the promise of increased food production, breakthroughs in environmental 
repair, nutritional enrichment, and advancement in medicine.  However, for others, it brings dire 
warnings of disease and disaster.  Biotechnology brings both scientific and community interests - 
both for the promise of advancement and the concerns that this technology brings.   
Science advances with the introduction of new technologies; new technologies extend 
current levels of scientific understanding (NRC, 1996).  While advances in science and 
technology bring with it a vast amount of information for consumers to digest, education 
provides a path to providing the tools and knowledge for understanding.  Teachers can increase 
students’ problem-solving and critical thinking skills (Bigler & Hanegan, 2011), which are 
needed to utilize knowledge gained.     
The disconnect between production agriculture and consumers has widened, which 
makes the possession of knowledge of agricultural production and the ability to critically 
examine that knowledge more valuable.  In 2016, farm and ranch families, accounted for just two 
percent of the U.S. population, with a definitive negative trend (AFBFA, 2017).  Despite the 
decrease in families actively involved in production agriculture, an increasing number of 
consumers are taking an active interest in the food they eat – and the method of production. 
Unfortunately, their judgment of the foods they eat is based on little knowledge of the 
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production, handling, processing, and commercialization of this food (Zeller, M., 2002).  
Mooney and Kirshenbaum (2010) argue that there exists a disconnect, with too few 
collaborations between “scientists and journalists, screenwriters, politicians, and religious 
leaders” (p. 21).  This collaboration is necessary to allow the public to “engage rather than 
criticize or blame” (Mooney & Kirshenbaum, 2010, p. 22). 
Science educators have been slow to adopt biotechnology education into their curriculum.  
Agricultural educators, with a focus on the practical relationships between food and consumers, 
are more likely to implement biotechnology concepts into their classroom. While agriculture 
educators are currently the academic discipline most likely to present biotechnology concepts in 
their curriculum, many find themselves ill-equipped to communicate the science and technical 
knowledge needed to present the material.  According to Zeller (2002), this lack of preparedness 
comes from the following three areas:  
1. Educators lack the content and technical knowledge to feel comfortable about 
integrating biotechnology into their curriculums. 
2. A serious shortage of money for supplies, equipment, and release time for educators to 
obtain training. 
3. Little time during the day and in classrooms to prepare and present biotechnology.  
(Zeller, M., 2002). 
Teacher confidence levels in their biotechnology knowledge are also lacking.  Providing 
teachers with scientific knowledge and written lesson plans does not necessarily give them the 
confidence to present the instruction to students.   
In 2000, the National Agricultural Education Council sponsored the development of a 
biotechnology curriculum, titled “Biotechnology for Plants, Animals, and the Environment.”  In 
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2015, The Agriculture, Food, and Natural Resources (AFNR) Career Pathway Content Standards 
included a “Biotechnology Systems Career Pathway” in its content standards (National Council 
for Agricultural Education, 2015). 
State and regional efforts have also played a significant role in preparing teachers for 
biotechnology education.  The Biotechnology Outreach Education Center, at Iowa State 
University, continues to provide training, lessons, and materials for teachers across the state of 
Iowa.  The University of Nebraska-Lincoln Department of Agronomy and Horticulture continues 
to publish learning sites that focus on providing teachers and students with lessons, videos, 
animations and quizzes providing education on practical applications of biotechnology in 
agriculture (PASSEL, 2019).  Additionally, the University of Nebraska-Lincoln, in cooperation 
with the Nebraska FFA Association, designed the first Biotechnology Career Development Event 
(CDE), a competitive FFA event designed to test the knowledge and understanding of FFA 
members.  This event was designed, with the intent to highlight the need for biotechnology 
education (University of Nebraska-Lincoln, n.d.).  The CDE has been held in Colorado, Iowa, 
Nebraska, and South Dakota. 
The agriculture industry realizes the importance of increasing consumer understanding of 
biotechnology concepts.  A provision in the fiscal year 2017 U.S. Department of Agriculture 
spending bill included $3 million, to be used for consumer education and outreach in promoting 
the understanding and acceptance of biotechnology (Batra, 2016).  While many applauded the 
move, it was also seen as a move to push an industry agenda by others. 
Biotechnology remains a controversial topic, not only due to the lack of understanding 
and knowledge of its concepts but also the public’s distrust of the agricultural industry.  The 
modern use of biotechnology first emerged in the late 1970s in industrial use, which applied to 
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the health sector and was followed by advancements in the agriculture industry a decade later 
(Lorenzo, 2018).  The second industrial revolution inventions led a transition to a new economy 
that lasted nearly 70 years (Atkeson & Kehoe, 2001).   
Biotechnology is touted by some, including Klaus Schwab, executive chairman of the 
World Economic Forum, as one aspect of the fourth industrial revolution, with the potential to 
revolutionize industry sectors and solve real-world global problems (World Economic Forum, 
2018).  Realizing the potential of these advancements requires support from consumers and 
policymakers alike (Park, 2016).   Park (2016) also notes the potential risk to society that comes 
with aspects of the fourth revolution. This potential, both for risk and reward, highlights the 
importance of educational efforts in not only providing content knowledge, but also preparing 
students for the critical thinking needed in an age of revolutionary ideas, opportunities, and 
potential risks.  
The period of rapid technological change and industrialization spurred the Smith-Hughes 
Act of 1917 (Roberts & Ball, 2009); however, the benefits of vocational training or agricultural 
education was not a new idea.  The Smith-Hughes Act of 1917 formally established agricultural 
education, as a discipline of study, through federally supported high school educational 
programming known as vocational agriculture (Barrick, 1989, National Research Council, 1988; 
Phipps & Cook, 1959).  
Vocational training is when, “Students in agriculture education receive reinforcement of 
basic skills through the integration of science, mathematics, communications, and human 
relations competencies within the applied science of agriculture,” (Foster, 1989, p. 42).  
Additionally, Foster (1989) stated, “Agricultural education provides opportunities for students to 
develop higher-level thinking and reasoning skills through the use of problem-solving and 
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decision-making orientation to the curriculum.  All students are challenged to use the knowledge 
and understanding learned in the classroom to solve real-life problems and make decisions” (p. 
42).   Cheek, Arrington, Carter & Randall (1994, in Knobloch, 2003) described experiential 
learning as, “Practicing in a real situation, modeling appropriate behaviors and procedures, 
receiving appropriate feedback and reinforcement, and providing opportunities to apply 
knowledge in new situations,” (p. 25).   
While there is a considerable discussion on the purpose of vocational education, John 
Dewey argued for an integrated view of academics and vocational skills (Roberts & Ball, 2009).  
Dewey maintains that we cannot be certain that actions taken in the past will be appropriate for 
future problems that we may encounter (Biesta & Burbules, 2003, p. 13).  Therefore, this act of 
thinking is an essential aspect of Dewey’s learning methods. 
 
Conceptual Framework 
Jabareen (2009, p. 51) defines a conceptual framework as a network of “interlinked 
concepts that together provide a comprehensive understanding of a phenomenon.”  A framework 
works to layout key factors or variables and explains the relationships among them (Miles and 
Huberman, 1994), aiming to provide understanding rather than a theoretical explanation 
(Jabareen, 2009).  The framework in this research study “provides guidance for the researcher as 
study questions are fine-tuned, methods for measuring variables are selected, and analyses are 
planned” (Liehr & Smith, 1999, p. 13). 
Roberts and Ball’s conceptual model for agricultural subject matter as content and 
context for teaching model shows that “Agriculture provides a rich context in which learning can 
occur” (2009, p. 87).  The model recognizes that agricultural educators provide instruction on the 
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content needed for greater knowledge and understanding, while also teaching within a context 
that allows students to utilize critical thinking skills (2009), needed for complex decision 
making.  This model, within the context, prepares students to be “agriculturally literate” (Roberts 
& Ball, 2009, p. 87), which reasonably extends to scientific literacy.  
Figure 1 demonstrates Roberts and Ball’s (2009) conceptual model for an agricultural 
subject matter, teaching biotechnology content through the context of agricultural education.  
This model serves as the conceptual framework for this dissertation, acknowledging that 
“agricultural educators teach both agricultural content and knowledge from other domains” 
(Roberts & Ball, 2009), bringing biological knowledge and agricultural content into the 
classroom curriculum.   
 
 Figure 1. Conceptual model for agricultural subject matter as a content and context for 
teaching.  Reprinted with permission from “Secondary Agricultural Science as Content and 
Context for Teaching,” by T. G. Roberts and A. L. Ball, 2009; Journal of Agricultural 
Education, 50, p. 87. Copyright © 2009 by Journal of Agricultural Education 
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Additionally, the model acknowledges the complex environment in which learning takes 
place, including interactions between individuals and individuals own experiences, background, 
and perceptions (Roberts & Ball, 2009).  Finally, the model identifies two goals of agricultural 
education – creating lifelong learners who are agriculturally literate and students with skills 
applicable to the agricultural workforce (Roberts & Ball, 2009). 
 
Statement of the Problem 
Agricultural education continues to grow as a means to teach agricultural content, such as 
biotechnology, within the context of agricultural science.  To assist teachers in this effort, it is 
necessary to provide with appropriate professional development opportunities and understand 
their motivations and barriers in providing the content.  This study aims to provide insight to 
guide individuals formulating professional development opportunities. 
Nearly 30 years ago, Swan (1991, p. 13) called for agricultural education instructors to 
bring “biotechnology and bio-science aspect of agriculture” into the classroom, while further 
encouraging instructors that includes educating both students and community members (Swan, 
1991).  Educators are facing an increased push to incorporate direct scientific topics into their 
agricultural curriculum (Mowen, Wingenbach, Roberts, & Harlin, 2007), with an increasing 
number of agricultural education lesson plans linked to the Next Generation Science Standards 
(NGSS).  Parr and Edwards (2004) note that the predominant educational philosophy of 
agricultural education of experiential learning fits well with science learning.  The NGSS (2012) 
calls for inquiry-based learning practices to allow students to “engage in practices to build, 
deepen, and apply their knowledge of core ideas and crosscutting concepts.”    
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Meals and Wahburn (2015) note that agricultural educators are committed to advancing 
the integration of the science standards within the agricultural education curriculum. The NGSS 
(Achieve, 2013, p. 1) calls for students to “develop an understanding of key concepts to help 
them make sense of life science.”  Within this standard, science educators are encouraged to look 
at “ethical issues related to genetic modification of organisms” in order to answer the question, 
“how are the characteristics from one generation related to the previous generation” (Achieve, 
2013, p. 1), without providing guidance or calls for other instruction of the process of genetic 
modification.  Both the NGSS and the National Research Council (Roberts, Harder, & Brashears, 
2016) call for an understanding of the genetic modification, with the NRC stating that “providing 
the public and policymakers with accurate information about agricultural…concepts has been an 
ongoing effort” (Roberts, Harder, & Brashears, 2016, p. 14), including dealing with the difficult 
ethical questions asked of the public.  In the implementation of these standards, agricultural 
educators have the potential to lead the effort, through the experiential and inquiry-oriented 
instructional approaches called for within the NGSS and agricultural education (Myers, Thoron, 
& Thompson, 2009).  Agricultural education employs the teaching methods suggested for 
Science, Technology, Engineering, and Mathematics (STEM) education (Stubbs & Meyers, 
2015). 
Agriculture educators are well-positioned to include biotechnology concepts in their 
curriculum, providing the content knowledge students will need when faced with the need to 
make future decisions as consumers and gain the skills needed for an increasingly technological 
workforce.   The “integration of science into the curriculum will produce more science-literate 
students that understand agricultural concepts and how the connection and application of science 
is enhanced in the agriculture program” (Myers, Thoron, & Thompson, 2009, p. 129).  Shelly-
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Tolbert, Conroy, and Daily (2000, p. 60) argue, “agricultural education is the premier vehicle for 
contextualized teaching and learning within any community setting.” 
Boone, Gartin, Boone, and Hughes (2006) and Mowen, et al., (2007) found that 
agricultural educators identified a responsibility to provide education on biotechnology concepts 
to students and consumers alike, while also finding that teachers were faced with significant 
perceived barriers in providing this education.  Boone et al. (2006) identified limited knowledge 
on biotechnology concepts among West Virginia teachers, recommending increased professional 
development and teaching resources. 
Increased efforts have been made to bring biotechnology into the agricultural education 
classroom, through increased training and biotechnology curriculum development.  In 1994, the 
National FFA Foundation published the “National Voluntary Occupational Skill Standard for an 
Agricultural Biotechnology Technician” (Wilson, 2002).  However, by 1999, most students were 
still unfamiliar with the term biotechnology, according to a National FFA Organization 
commissioned study (ABG Strategic Consulting, 1999 in Wilson & Flowers, 2002).  Similar 
results have been found throughout the world; students lack knowledge of biotechnology 
concepts (Wingenbach, Rutherford, & Dunsford, 2003; Cavanagh, Hood, and Wilkinson, 2005; 
Usak, Erdongan, Prokop, & Ozel, 2009; Bigler & Hanegan, 2010; Erdogan, Ozel, Usak, & 
Prokop, 2009). 
Much of the scientific community heralds the gains in transgenic research for the 
betterment of environmental concerns, food safety, and food security, in addition to medical 
advancement  (Aldemita & Hautea, 2018; National Academies of Sciences, Engineering and 
Medicine, 2016; Einsele, 2007).  Despite the scientific consensus, consumers by large remain 
unsure.  A 2015 study found that 38% of U.S. consumers believe that GM food is safe to eat, 
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while 88% of scientists within the American Association of the Advancement of Science have 
the same belief (Funk, Rainie, & Page, 2015). McFadden and Lusk link this gap in opinion on 
low levels of knowledge and misperceptions about GM food (McFadden & Lusk, 2016). 
Consumers’ attitude towards technology plays a role in the acceptance of the information 
provided.  When consumers are informed of the desired characteristics and potential applications 
of biotechnology, they have an increased willingness to have a positive attitude toward the 
technology (Schiller, 2002).  At the same time, teachers can increase students’ critical thinking 
skills that are used in processing the information on difficult topics, such as biotechnology 
(Bigler & Hanegan, 2010). 
A 2015 Pew Research Center study found the gap between consumers and scientists, on 
the acceptance of genetic engineering, is larger than the gap between other controversial topics, 
such as vaccines, climate change and fracking (Funk, Rainie, & Page, 2015).  This gap in 
acceptance may “indicate a need for better science communication” (McFadden & Lusk, 2016, p. 
3091).  McFadden and Lusk (2016) found that while consumers claimed opposition to 
genetically modified foods, while also lacking knowledge about the technology.  In order to 
appreciate the questions and answers which are brought about by innovation such as genetic 
modification, consumers must receive adequate education on the concepts (Mohapatra, 
Priyadarshini, & Biswas, 2010). 
The demonstrated lack of knowledge on genetic engineering provides an opportunity for 
those within the agricultural education discipline to conduct research to address this issue, as 
noted by the American Association for Agricultural Education’s (AAAE) National Research 
Agenda.  The National Research Agenda identifies those scientists  in the agricultural education 
profession as being, “Positioned to bridge the gap between the general public and scientists 
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working to solve current and emerging challenges related to sustainably feeding an ever-growing 
population under complications from changing weather patterns,” (Roberts, Harder, & Brashears, 
2016, p. 6).  
An essential goal of educators in science content is to prepare students to become citizens 
with scientific literacy (Laugksch, 2000).  Wingenbach and Rutherford (2007, p. 45) state that “it 
is paramount that our future leaders, communicators, and policymakers understand the difference 
in claims about biotechnology made by various information sources.”  Individuals with an 
understanding of agriculture provide an opportunity to decrease challenges facing agriculture 
through sound decision making (Kovar & Ball, 2013).  Education is a crucial component to 
informed decision making in purchasing decisions when it comes to products derived through 
genetic engineering (Troupe, 2015).  Laugksch (2000) highlight one of the goals of science 
education as preparing students to be scientifically literate.   
Agricultural educators are positioned to teach biotechnology to this next generation of 
consumers.   The integration of lessons of genetic engineering into the secondary classroom 
could provide a solution to the lack of genetic engineering literacy (Troup, Peterson, Golick, 
Turnbull & Lee, 2017).   
There is a gap between the acceptance of GM crops by farmers and the acceptance of 
products in the marketplace by consumers (Lucht, 2015).  Students are unable to form effective 
fact-based opinions on biotechnology (Troupe et al., 2017) without an understanding of the topic 
(Klop & Severiens, 2007).  Roberts and Ball (2009) provide a view of secondary agricultural 
science educations’ role in developing both a skilled agricultural workforce and agriculturally 
literate citizens.  Efforts have been made to increase biotechnology in the agricultural education 
curriculum, though more work is needed (Wilson & Flowers, 2002). 
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To prepare educators for the task of incorporating concepts of biotechnology education 
into the curriculum, teachers need help in overcoming any perceived barriers, including lack of 
content knowledge and lack of time to prepare (Zeller, 2002), as well as the lack teacher 
confidence of the content (Troupe et al., 2017).  It is necessary to understand the agricultural 
educators’ experiences, motivations, and perceived barriers in regard to teaching biotechnology 
concepts within the curriculum, in order to provide professional development opportunities 
which will better prepare educators to bring biotechnology concepts into the classroom.   
 
Purpose and Objectives of the Study 
The purpose of this dissertation was to provide insight into the agricultural educators’ 
experiences, motivations, and perceived barriers in regard to teaching biotechnology concepts 
within the curriculum.  The results of this study will inform the development of professional 
development opportunities in biotechnology education.   
This study examines the factors that influence educators understanding of biotechnology, 
including their attitudes, motivations, and perceived barriers affecting their willingness and 
ability to provide instruction on concepts surrounding aspects of biotechnology. This dissertation 
attempts to provide guidance for the questions asked within the National Research Agenda’s 
priority seven, namely, “What methods, models and programs are effective in preparing people 
to solve complex, interdisciplinary problems” including climate change, food security, 
sustainability, water conservation, etc.? (Roberts, Harder, & Brashears, 2016, p. 10). 
The specific objectives of the study included: 
1. Describe the breadth of current professional development activities in 
biotechnology education.  
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2. Describe demographic characteristics and experiences of agricultural educators, 
as it pertains to their comfort level in presenting agricultural biotechnology topics 
in the classroom. 
3. Identify motivation for teachers to include biotechnology curriculum into the 
classroom.   
4. Identify perceived barriers for teachers to include biotechnology curriculum into 
the classroom.   
 
Dissertation Organization 
This dissertation is organized into six chapters.  Chapter one is an introduction to the 
dissertation, including the background and setting, problem statement, research purpose, and 
objectives, need for the study, limitations, and assumptions, and terminology related to the 
topic. Chapter two provides a broad review of the literature related to biotechnology and 
educational efforts.  This chapter provides a basis for understanding the background of 
biotechnology, need for education, and current educational efforts.  Chapter three is an 
extensive review of literature, providing the breadth of professional development activities 
within biotechnology education, addressing research objective one.   
Chapter four provides demographic information of educators, including examples of 
professional development opportunities educators participated in and resources utilized in the 
classroom.  This chapter addresses the research objectives two and three.  The fifth chapter 
examines the third and fourth research objectives, with an article providing descriptive 
information on educator’s background teaching biotechnology education, professional  
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development experiences within biotechnology, and motivation to include biotechnology 
concepts within their curriculum. Chapter six includes the dissertation’s general conclusions and 
recommendations from the research. 
 
Limitations 
This dissertation is comprised of an extensive review of the literature on the background 
of biotechnology and biotechnology educational efforts, as well as two research studies focused 
on the attitudes, motivations and perceived barriers associated with biotechnology education.   
The review of research was conducted using search functions within ERIC documents, 
the Journal of Agricultural Education and the Ag Ed Magazine, using specific keywords within 
the focus area, including “biotechnology,” “biotechnology education,” “biotechnology 
curriculum,” “biotechnology resources,” “genetically,” and “GMO.”  There are undoubtedly 
other terms which could have been utilized within a wider search.   
The population utilized in the quantitative study was 153 high school agriculture teachers 
from across the United States.  The list of teachers was obtained from the directory of Nebraska 
and Iowa Agricultural Educators, as well as sign-in sheets from the biotechnology workshops 
presented at the National FFA Convention and the National Association of Agricultural 
Educators (NAAE).  The researcher was aware that this list of teachers might be incomplete or 
inaccurate in some cases, but they provided the best available contact information for high 
school agriculture teachers with an expressed interest in biotechnology education.  
Also, the instrument was a Survey Monkey questionnaire that was distributed using 
traditional email. This method is flexible and useful for the researcher but may not generate a 
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high response rate from teachers (Fraze, Hardin, Brashears, Haygood, & Smith, 2003). The 
results of this study should not be generalized beyond teachers within this study.  
 
Assumptions 
The study participants were drawn from a target population of agricultural educators who 
have studied agricultural education and currently teach courses in agricultural education.  The 
participants all expressed some level of interest in biotechnology education, through their 
expressed interest in participating in a state-level Biotechnology CDE or a national level 
workshop focused on biotechnology education. 
It is assumed that agricultural educators within this target population have a basic 
comfort level with biology concepts and a favorable attitude toward biotechnology.  The basic 
biology comfort level and attitude toward biotechnology are not measured in this study though 
there is an assumption that individuals participating in the study have chosen to participate in 
part due to their interest in biotechnology education. It is also assumed that those study 
participants answered the online survey with full honesty and accuracy.  
It is essential to recognize potential bias at the onset of the study (Romain, 2015).  The 
researchers in this study received formal training in agricultural education on the undergraduate 
and graduate level and have both taught agricultural science at the secondary and post-
secondary level. The researchers were both trained in conducting qualitative research groups 
and completed qualitative research before this study. The researcher worked in the promotion of 
biotechnology educational resources.  Additionally, the primary researcher was involved in the 
development and promotion of the Biotechnology Career Development Event (CDE).  During 
the interview, the researcher refrained from describing terminology related to biotechnology or 
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discussing prior professional development training or the Biotechnology CDE.  None of the 
participants had a direct relationship with the researcher, which represented a conflict of  
interest.  Additionally, the researchers philosophically believe that concepts of biotechnology 
have a place in secondary agricultural education programming.   
 
Definition of Terms 
Key terminology utilized within the study: 
 
1. Attitude – Way of thinking “influenced by a number of factors, including (but not 
limited to) experiences, beliefs, and perceptions” (Gardner & Jones, 2011, p. 712). 
2. Biotechnology – Moving or transferring genetic material between sources, including 
genetic engineering, genetic modification, and crossbreeding (PASSEL, 2019). 
3. Genetic engineering – The process of adding foreign DNA to the genome of an 
organism (AgBiosafety, 2001). 
4. Science literacy – Knowledge and understanding of scientific concepts and processes 
required for personal decision making, participation in civic and cultural affairs, and 
economic productivity, (National Academy of Sciences, 2019).   
5. Transgenic – An organism produced with the process of genetic engineering (PASSEL, 
2019). 
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CHAPTER 2. LITERATURE REVIEW 
 
Introduction 
The first United States Census, published in 1790, describes 96 percent of the population 
as residing in rural areas. A majority of the population was living on their own, individual farm 
with families generally being self-sufficient in terms of food production (Fite, 1981).  By 1860, 
those living in rural areas decreased to 80 percent, with farmworkers making up 40 percent of the 
nation’s workforce.  By the 1920 census, only 29.9 percent of the U.S. population resided on 
farms (Fite, 1981) with the negative decline continuing.  Today, farm and ranch families account 
for just two percent of the U.S. population (American Farm Bureau Federation, 2017).  Fewer 
consumers, therefore, have a personal connection to and understanding of food production 
techniques.  
At the same time, the cost of this food is relatively low, with less than 10 percent of 
American disposable personal income being spent on food.  This low cost is due, in part, to 
innovations within the food and fiber industry (Roberts, Harder, & Brashears, 2016).  Despite the 
decrease in families actively engaged in agricultural production, an increasing number of 
consumers are taking an active interest in the food they eat, and the method of production.  This 
is evident through the “growing number of food-related education programs; social foodie 
movements; farmers markets; micro-breweries; and food marketing tactics such as books, blogs, 
infographics, and movies,” including social media networks (Roberts, Harder, & Brashears, 
2016, p. 14).  
The public’s judgment of the foods they eat is based on little knowledge of the 
production, handling, processing, and commercialization of this food (Zeller, 2002).  The 
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perception of technologies is influenced by a “complex and deeply rooted set of personal values 
and attitudes” (Lucht, 2015, p. 4260).  Providing accurate information on agricultural production, 
to both the public and policymakers, has been a long-standing effort in agriculture (Roberts, 
Harder, and Brashears, 2016, p. 14).  The need to provide education to the public on agricultural 
production technique – both current consumers and student, future consumers – continues today.  
The innovations within the food production system, which help produce a low-cost food 
supply, include the use of biotechnology, though the definitions and extent of its use vary 
greatly.  The history of genetic engineering traces back to 4000 B.C., with the use of yeast in 
bread making (Moldenhauer, 2013).  The term biotechnology was first used in 1919 by Karl 
Erkey, a Hungarian engineer (Verma, Agrahari, Rastogi, & Singh, 2011; Bhatia & Goli, 2018). 
In 1946, the first genetic recombination was used (Moldenhauer, 2013).  Through this rich 
history, several definitions of biotechnology have emerged.  
One definition for biotechnology is, “Application of the principles of 
engineering and biological science to create new products from raw materials 
of biological origin, for example, vaccines or food.” Or in other words, it can 
also be defined as, “the use of living organism/s or their product/s to modify 
or improve human health and human environment.” Apart from their 
beneficial applications, biotechnological principles have potential for 
destruction too, the best example for this is ‘bioterrorism.’ Biotechnology 
from fiction, myth, and reality can be simply understood by reading the novel 
and watching the movie “Frankenstein.” In this science fiction movie, 
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Frankenstein has created a human life which became a monster; this monster 
became the reason for the destruction of Frankenstein, the creator of human 
life (Verma, et al., 2011, p. 2). 
 
Definition of Terms 
Throughout the literature, interpretations of biotechnology range from 1) Natural and 
selective breeding to 2) Organisms created using transgenic technology, with applications 
including use in plant and animals harvested for consumption, cloning for both biomedical, 
human and animal use, and forensics and medical use. Moldenhauer, in the biotechnology 
curriculum, Foundations in Agriculture Biotechnology, noted this variety in definitions, 
including examples ranging from making cheese and beer to crossbreeding and production of 
bio-based fuels to modifying crop and animal genetics for desired traits (2013).    
Biotechnology, in its many forms, has the potential to revolutionize the production and 
improvement of food production (Hallman, 2000). 
Wetherington defined biotechnology as, “The use or manipulation of an organism or the 
components of an organism,” (n.d., p. 4) denoting the origins of biotechnology to the 
domestication and cultivation of animals and food crops. Wetherington further listed modern 
biotechnology as being associated with “molecular biology, cloning, and genetic engineering...to 
isolate and manipulate genes” (p. 4).  
For the purposes of the research presented here, the following definitions were utilized.   
● Biotechnology – Moving or transferring genetic material between sources, which 
includes genetic engineering, genetic modification, and crossbreeding (PASSEL, 
2019). 
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● Genetic engineering – The process of adding foreign DNA to the genome of an 
organism (AgBiosafety, 2001). 
● Transgenic – An organism produced with the process of genetic engineering 
(PASSEL, 2019). 
 
Factors Influencing  
While numerous studies have examined public perception, these studies tend to target an 
adult population, rather than student knowledge.  Kirby (2002) identified the need for students to 
understand both the risks and benefits of biotechnology, such that they will influence public 
opinion.  Therefore, this study will look to the lack of public perception and the role of education 
in understanding the need for the inclusion of biotechnology concepts in the secondary 
curriculum. 
 
Public Perception 
The public is uninformed on the topic of biotechnology, despite the intense media 
attention on biotechnology and transgenic products, with concepts remaining abstract and 
difficult to understand (Hallman, 2000).  The public perception of controversial topics is 
indicative of their association with technological risk (Fischoff, Slovi, & Lichtenstein, 1978, in 
Prokop, Leskova, Kubiatko, & Diran, 2007).  An individual’s perception involves their 
understanding or misunderstanding of a topic.  In forming their perceptions, Dowler, Bauer, 
Green, & Giancarlo state, “People choose to see things in certain ways, and the social and 
cultural determinants of those choices differ with time and place,” (2006, p. 41).  However, 
Slovic, Fischhoff, and Lichtenstein (1981) noted that individuals respond to hazards based on the 
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perceived level of current risk.  Perceived benefit, however, plays a secondary role in the 
decision-making process (Prokop, Leskova, Kubiatko, & Diran, 2007).   
Perception of Risk 
Perception of risk, experiences, and personal beliefs all influence consumer attitudes 
toward science and technology (Prokop et al., 2007).  In terms of individual opinions, public 
perceptions may or may not coincide with the latest scientific advice. They reflect the 
characteristics of the belief – e.g., some beliefs spread more easily than others – and of the 
people who hold them – e.g., some people are more susceptible to certain sorts of belief (Prokop 
et al., 2007).  Reese and Arrington (1993) indicated that consumers unfamiliar with 
biotechnology have “a tendency to fear many biotechnological developments” (p. 104).   
Detection of or perception of risk, for consumers, relies on the knowledge of 
sciences and expert assessment, which excludes the average consumer from the process 
(Green, Draper, & Dowler, 2003 in Prokop, et al. 2007) and asks for the public to trust the 
experts.  Many studies refute the serious health risks from the use of transgenic foods 
(NASEM, 2016) and the majority of experts agree that the possible benefits outweigh the 
risk (Prokop et al., 2007).   
Despite this, and the fact that producers have a high adoption rate of transgenic 
materials, a wide gap exists among scientists, producers, and consumers.  Consumers lack 
confidence in scientists, in part due to education on controversial issues, such as 
biotechnology (Oulton, Dillon, & Grace, 2004). While the advantages to producers of the 
use of transgenic crops have led to widespread adoption, these benefits are not clear to 
consumers (Lucht, 2015).  
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Risk perception is an individual determination, as individuals interpret information and 
determine their personal belief on risk (Gardner & Jones, 2011). Lucht further noted that political 
decisions and marketplace success of transgenics will continue to lie with the decisions of 
consumers, fueled by their perceptions (2015).   
“How can an apparently increasing skepticism of consumers and society in 
general towards modern plant breeding technologies be reconciled with the need 
to develop plants that contribute to a more productive and at the same time more 
sustainable agriculture, using the full toolbox available to plant breeders?” (Lucht, 
2015, p.  4271). 
Within this decision making, though, the average consumer finds the science of 
biotechnology concepts complex and abstract, and the interpretation of this technical information 
is appreciated (Hallman, 2000).   Studies indicate that consumers lack confidence in the scientific 
community, as well as the institutions (Gunter, Kinderlerer, & Beyleveld, 1999; Sardar, 1999). 
 
Role of Education 
The role of education on scientific concepts should not be downplayed in preparing 
students to be informed consumers (Prokop et al., 2007).   After leaving the formal education 
system, the consumers’ primary source of information is the media (Mooney & Kirschenbaum, 
2009).  Educators need to provide students with a basic knowledge of transgenic design and the 
ability to make informed decisions in areas of controversial topics.  An essential goal of science 
education is to prepare students to become citizens with scientific literacy (Laugksch, 2000).  
Education is a crucial component to informed decision making in purchasing decisions when it 
comes to products derived through genetic engineering (Troupe, 2015).   
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Much of the scientific community heralds the gains in transgenic research for the 
betterment of environmental concerns, food safety, and food security, in addition to medical 
advancement.  Even with the assurance of safety, consumers are by in large uncertain, and 
science literacy in genetic engineering among consumers is still low (Troupe, 2015).  In order for 
consumers to make more informed choices, individuals will need to have access to up-to-date 
information about biotechnology (Rota & Izquierdo, 2003).  Rota and Izquierdo noted that once 
students are “out of school, there are few opportunities for adults who do not work in the 
scientific field to learn about biotechnology, that in general is unknown and uses a language a bit 
complicated for inexperienced people,” (2003, p. 2).  This highlights the need for education 
within the primary or secondary education system. 
 The education on biotechnology should focus on students, as consumers, being able to 
make informed decisions, based on scientific facts, not about educating consumers with a goal of 
accepting transgenic products.  While educational efforts come from a variety of areas, including 
consumer education efforts and science education, agricultural education remains at the heart of 
education in biotechnology. 
Educators play a vital role in “developing mature attitudes and shaping of perceptions of 
risks related to biotechnology” (Gardner & Jones, 2011, p. 712). Various studies show an 
increased positive attitude toward biotechnology, following education on the topic (Lock, Miles, 
& Hughes, 1995).  There is a positive effect on agriculture programs when science and 
agriculture increase their level of interaction (Mowen et al., 2000). 
However, science educators have been slow to adopt biotechnology education into their 
curriculum (Borgerding, Sadler, & Koroly, 2013).  Agricultural educators who focus on the 
functional relationships among food and consumers are more likely to implement biotechnology 
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concepts into their classroom. Additionally, agricultural educators are faced with increased 
pressure to incorporate the teaching of direct scientific topics (Mowen, Wingenbach, Roberts, & 
Harlin, 2007).  In all of this, agriculture educators are currently the academic discipline most 
likely to present biotechnology concepts in their curriculum, though Balschweid and Thompson 
(2000) encourage the collaboration between agricultural education and science educators, in 
providing instruction on biotechnology concepts. 
Educational settings remain an important arena for students to discuss controversial 
topics. Teachers in science content areas are hesitant to discuss controversial issues (Aivelo & 
Uitto, 2018) with less experienced teachers choosing not to discuss topics that cause discourse 
(Hess, 2004).   
“Many adults either want schools to mirror their ideas, or fear that adding 
controversy to the curriculum creates controversy, as opposed to simply teaching 
young people how to deal more effectively with the kinds of political 
controversies that exist outside of school,” (Hess, 2004, p 258). 
 
Barriers to Curricular Inclusion 
In order to improve the students’ knowledge level and prepare them to make informed 
consumer decisions on biotechnology, teachers need to be equipped with a level of knowledge 
(Mohapatra, Priyadarshini & Biswas, 2010).  However, many agricultural educators find 
themselves ill-equipped to communicate the science and technical knowledge needed to present 
the material, due to educators lack of content and technical knowledge, shortage of money for 
supplies and equipment, as well as a lack of time for training and preparation (Zeller, 2002). 
Similarity, Balschweid and Thompson (2002) found a lack of funding, lack of equipment, 
and the increased planning time as barriers to the integration of agriculture and science concepts, 
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as well as a lack of content knowledge and in-service training. Wilson, Kirby, and Flowers 
(2002) utilized a test created for high school agricultural biotechnology students to test instructor 
knowledge and only half of the instructors were able to pass the test, which indicated a lack of 
instructor content knowledge. 
Teacher confidence levels in their biotechnology knowledge is also lacking (Zeller, 
2002).  The higher the teacher's confidence level in the content material, the greater the 
likelihood they will incorporate unconventional topics and curriculum, such as biotechnology 
(Aivelo & Uitto, 2018). Giving teachers the scientific knowledge and written lesson plans do not 
necessarily give them the confidence to present the instruction to students.  Additionally, 
teachers are poorly prepared to teach controversial subject matter (Oulton, Dillon, & Grace, 
2004, in Aivelo & Uitto, 2018). Steele and Aubusson (2004) found that biology teachers 
perceive biotechnology concepts to be too difficult for student understanding.  
As the modern biotechnology is a relatively new field of science which moves forward 
very quickly, it is difficult for biology teachers to stay up to date with new techniques, and to 
incorporate the new biotechnology concepts into the biological sciences classes. Teachers 
typically do not have the opportunity to update their biotechnology knowledge.   Additional time 
to update their knowledge could help teachers present the information in a way that leads to more 
tools for the students to form an opinion. This situation leads to science classes which often fail 
to provide even the most basic concepts of biotechnology. 
 
Biotechnology Professional Development 
While the phrase professional development brings a number of definitions,  this study 
uses the phrase to include learning activities and experiences, which educators participate in 
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order with a goal to increase classroom performance (Rhodes, Stokes, & Hampton, 2004), which 
includes workshops, educative curriculum and resources, and mentorship (Desimone, 2009; 
Easterly & Meyers, 2017).  Professional development is vital to teaching and learning reforms, 
teacher retention, and teacher preparation (Gore, Lloyd, Smith, Bowe, Ellis & Lubans, 2017; 
Behrooz, Mosayeb, Amirhossein, & Mohammad, 2014; Desimone, 2009).   
Many efforts have been made to bring biotechnology concepts into the agricultural 
education classroom, through educational resources and curriculum development.  In 1994, the 
National FFA Foundation published “National Voluntary Occupational Skill Standard for an 
Agricultural Biotechnology Technician” (Wilson, 2002).  By 1999, students were still unfamiliar 
with the term biotechnology, according to a National FFA Organization commissioned study 
(Wilson & Flowers, 2002). 
 
Stand-Alone Curriculum. 
A stand-alone curriculum provides teaching materials, including lesson plans and 
resources, for teachers.  In 2000, the National Agricultural Education Council sponsored the 
development of a biotechnology curriculum “Biotechnology for Plants, Animals, and the 
Environment.”  Curriculum for Agricultural Science Education (CASE) Animal and Plant 
Biotechnology (APB) course, developed in 2013, providing hands-on activities, projects, and 
case studies, as well as lab activities (The Council, n.d.).  In 2015, the Agriculture, Food and 
Natural Resources (AFNR) Career Pathway Content Standards included a “Biotechnology 
Systems Career Pathway,” in its content standards (National Council for Agricultural Education, 
2015).   
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In addition to the stand-alone curriculum guides, there are many examples of individual 
lesson plans available for educators.  Improvements in curriculum development, the inclusion of 
biotechnology as a Career and Technical Education career path, and increased access to materials 
and teacher confidence have been made; however, there is still considerable progress to be made.   
Some of the concern for teaching controversial topics come from a concern that the 
discussion would not be viewed as balanced but rather as propaganda. This fear, however, leads 
to the avoidance of controversial topics (Hess, 2004). Students need guidance to learn how to 
effectively deal with controversial topics, along with a safe place to practice these skills.  The 
personal knowledge level, or perceived knowledge, of educators and students alike, are not 
static, and are affected by our continued experiences and learned content (Aivelo & Uitto, 2018).  
Critical thinking skills are vital for consumers to make informed decisions and to change 
perceptions.  Teaching strategies which encourage deep, critical thinking impact student 
understanding of a concept (Shaw, Horne, Zhang, Boughman, 2008). 
 
State and regional resources. 
State and regional efforts have also played a significant role in preparing teachers for 
biotechnology education.  The Biotechnology Outreach Education Center at Iowa State 
University provides training, lessons, and materials for teachers across Iowa.  The Department of 
Agronomy and Horticulture at the University of Nebraska-Lincoln continues to publish learning 
sites, focused on providing teachers and students with practical applications of biotechnology in 
agriculture.  Additionally, the Department of Agronomy and Horticulture at the University of 
Nebraska-Lincoln, in coordination with the Nebraska FFA Association has designed the first 
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Biotechnology Career Development Event (CDE), with the goal of highlighting the need for 
biotechnology education.  The CDE has been held in Nebraska, Iowa, South Dakota, and 
Colorado. 
 
Funding. 
The agriculture industry realizes the importance of increasing consumer understanding of 
biotechnology concepts.  A provision was added to the fiscal year 2017 U.S. Department of 
Agriculture spending bill to include $3 million for consumer education and outreach, to promote 
understanding and acceptance of biotechnology (Batra, 2016).  While the move was applauded 
by many, it was also seen as a move to push an industry agenda by others. Hodson (2003) 
identified biotechnology as one area that should include science education, benefiting both 
individuals and the economy. 
 
Summary 
Concepts of biotechnology, using technology to alter the biological environment, are not 
new.  Moving from cheesemaking to the use of transgenic material not only increases the level of 
scientific understanding required but also magnifies the potential or perceived risk.  While some 
individuals see the tremendous potential of biotechnology, others see the potential risk, which is 
based on our level of trust in the experts, understanding of the science, personal beliefs, and 
values.  Those with specific involvement in biotechnology “overestimate how representative 
their knowledge and opinions are” (Hallman, 2000, p 17).   
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Conversations cannot be simply limited to the scientific community; the public needs an 
understanding of the science to make consumer decisions.  Students need to understand the 
concepts to construct consumer decisions based on available evidence (Witzig, Rebello, Siegel, 
Freyermuth, Izci, and McClure, 2014). Decisions concerning the acceptability of biotechnology 
are no longer the sole responsibility of the scientific community and are now a part of public 
policy and public opinion (Hallman, 2000). 
Education plays a distinct role in providing students and the public with the scientific 
background to make an informed decision.  Being adequately informed does not stand in the way 
of having an opinion on biotechnology.  Personal beliefs, experiences, and values also play into 
our decision making (Hallman, 2000).  Educational settings can provide a safe place to allow 
students to utilize critical thinking skills in making informed decisions.  The skillset to make 
informed decisions and participate in public discourse is vital for society (Gardner & Jones, 
2011).  There is a strong rationale for providing these skill sets in educational settings 
(Borgending et al., 2013). 
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CHAPTER 3. AGRICULTURAL BIOTECHNOLOGY AND ASSOCIATED 
PROFESSIONAL DEVELOPMENT AND CURRICULUM:  A REVIEW OF 
LITERATURE 
 
A paper prepared for submission to the Journal of Agricultural Education 
Stacie M. Renner-Turnbull and Scott Smalley 
 
Introduction 
 
Biotechnology is defined by the Food and Agriculture Organization of the United Nations 
as, “any technological application that uses biological systems, living organisms, or derivatives 
thereof, to make or modify products or processes for specific use” (Vincelli, 2016, p. 1).  
However, there are a variety of biotechnology definitions used, as well as a plethora of 
applications of the technology.  Educators play a key role in the dissemination of information to 
students, future consumers, and policy makers.  
This review article examines the basis of biotechnology and presents an overview of 
definitions, potential benefits, and positions concerning biotechnology.  Additionally, the article 
will explore the diffusion of information through professional development and biotechnology 
curricula.  Contributions to consolidate the existing research will be analyzed, and a baseline of 
current educational efforts, to focus future research will be identified. 
 
Conceptual Framework 
Reducing the gap between research and practice can be challenging (Brownson, Eyler, 
Harris, Moore & Tabak, 2018).  Professional development activities provide teachers with new 
ideas and information, aiming to bridge that gap to improve student learning.  The 
implementation of the learning, however, involves additional factors.  Lewis, Baker, & Helding’s 
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(2015) model of teacher learning and change (figure 1), views the educational setting as 
happening within a social environment.  The goal of professional development is to achieve 
some manner of change, whether a change in knowledge, attitude, or viewpoint.  Professional 
development activities generally focus on an increase in content, pedagogy, or both (Lewis, 
Baker, Watts, & van der Hoeven Kraft, 2016). 
Teachers in this social context wrestle with prior learning and knowledge, the professional 
development experience itself, and the motivation to change.  Within the social context, teachers 
are influenced by their own and students’ personal beliefs, the level of support and perceived 
barriers, the application of the learning and the educational culture (Lewis et al., 2015). 
This framework seeks to guide the content formulation for the professional development 
opportunity as well as to study the learning from professional development.  Within this scope of 
this study, teacher experiences, prior knowledge, motivation, professional development 
experiences, barriers, and beliefs are all explored.  
                                                                             
 
 
Figure 1. Conceptual framework of teacher learning and change through cognition, self-
regulation that corresponds with cognitive learning principles and situation learning with respect 
to individual values and institutional contexts. (Lewis, Baker & Helding, 2015). 
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Purpose & Objective 
 
The need for this study is emphasized in the American Association for Agricultural 
Education’s (AAAE) National Research Agenda, stating that those in agriculture education are, 
“Positioned to bridge the gap between the general public and scientists working to solve current 
and emerging challenges related to sustainably feeding an ever-growing population under 
complications from changing weather patterns,” (Roberts, Harder, & Brashears, 2016, p. 6).  
Research priority seven examines how the profession can address complex problems.  Priority 
seven, proposes a number of issues to be addressed in the next 10 years.  Among a listing of the 
top issues is research question one, which asks, “What methods, models and programs are 
effective in preparing people to solve complex, interdisciplinary problems (e.g. climate change, 
food security, sustainability, water conservation, etc.),” (Roberts, Harder, & Brashears, 2016, p. 
10), set the basis for research into the ability of educators to prepare people to solve these 
complex problems.  Lucht (2015) reminded readers that biotechnology is a tool used by modern 
plant breeding technologies to develop plants, which are more productive and more sustainable.   
Agriculture production will need to increase dramatically, to feed nearly 9.8 billion 
people in the year 2050 (UN DESA, 2010; Roberts, Harder, & Brashears, 2016).  This 
population growth brings the need to grow more food, on less productive land, using less water, 
and dealing with increasingly volatile weather patterns (Roberts, Harder, & Brashears, 2016). 
The research agenda notes that there is a need for agricultural educators to produce 
leaders for the food and agriculture industry, even while understanding that great misconceptions 
exist within the population.  Agricultural educators are called to, “Develop a new kind of learner 
capable of thinking critically, identifying and removing biases, empowering a shared vision, and 
most importantly, primed for leadership,” (Roberts, Harder, & Brashears, 2016, p. 59).  
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Similarly, the Next Generation Science Standards (NGSS, 2013) require students to demonstrate 
the ability to, “Evaluate the claims, evidence, and reasoning that the complex interactions in 
ecosystems maintain relatively consistent numbers and types of organisms in stable conditions, 
but changing conditions may result in a new ecosystem” (p. 6).  This demonstration of critical 
thinking skills matches well with what is called for by the research agenda. Agriculture educators 
have a unique opportunity to provide a curriculum that assists audiences in making informed 
choices about genetic engineering. 
The purpose of this study is to identify and analyze literature related to agricultural 
biotechnology, as well as understanding the current professional development and curriculum 
available for secondary educators. 
The objectives of this review of research related to:  
1. Defining biotechnology and describe overreaching aspects of biotechnology. 
2. Describe the breadth of professional development activities primarily utilized to 
provide biotechnology education within agricultural education.  
3. Review existing examples of biotechnology educational curriculum. 
 
 
Procedures 
 
The summarizing and review of agricultural biotechnology literature are important to 
determine current understandings. Reviewing the literature on biotechnology and its associated 
educational efforts may highlight the current state and directions for future professional 
development.  A systematic review of the literature aims to establish current research progress, 
address gaps in understanding, and identify relationships in the literature (Cooper, 2003). 
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Internet and library searches were used to gather data for this study.  Materials published 
within the last 31 years were included in the findings, based on that the fact that in 1988, the 
National Research Council (1988) recommended revisions including the development of 
curriculum to address the basics of science influencing agriculture, food, and natural resources.  
Biotechnology reference sources included keyword searches on the education resource 
information center (ERIC) database and Google Scholar, to locate sources in a variety of 
disciplines, as well as website searches within The Journal of Agricultural Education and the Ag 
Ed Magazine.  Keywords and phrases used in the search were biotechnology, biotech*, 
professional development, GMO, biotech* + education, and genetic engineer*.  Articles 
containing the focus terms were documented and saved for analysis, with the narrative 
summarized. Each article was evaluated for its relevance based on the keywords chosen 
(DiBenedetto, Willis, & Barrick, 2018).   In reviewing each article found in the search, they were 
reviewed based on a focus on professional development, relation to education, and relation to 
genetic engineering. 
 
Findings 
Biotechnology definition and history 
In its most basic definition, biotechnology includes the utilization of technology to 
change biology to improve life.  For the purpose of this study, the following term was utilized: 
Moving or transferring genetic material between sources, including genetic engineering, genetic 
modification, and crossbreeding (PASSEL, 2019).  However, consumer used definitions of 
biotechnology currently place more emphasis on the transfer of hybrid genes into organisms 
(Bhatia & Goli, 2018). The Food and Agriculture Organization of the United Nations defines 
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biotechnology as, “any technological application that uses biological systems, living organisms, 
or derivatives thereof, to make or modify products or processes for specific use,” (Vincelli, 2016, 
p. 1).   
The history of biotechnology generally can be broken into three phases: ancient, classical, 
and modern (Verma, Agrahari, Rostogi & Singh, 2011).  Humans have long used biological 
technology to alter their environment. Many of the biological technology discoveries or 
developments that we use today were developed in ancient times (Verma, et al., 2011) including 
the making of cheese and yogurt and brewing of beer (Nisbet & Lewenstein, 2002), as well as 
domestication, selective breeding, and crossbreeding of animals and plants (Verma, et al., 2011; 
Bhatia & Goli, 2018).  Classical biotechnology, existing from 1800 to the middle of the 20th 
century, includes Mendel’s understanding of genetics, the discovery of a cell’s nucleus, the 
extraction of nucleic acid, the development of penicillin (Verma, et al., 2011), creation of the 
first vaccine, crossbred cotton, and commercialized hybrid corn (Colwell, 2019). 
The end of World War II brought the basis for the age of modern biotechnology:, (1)the 
discovery of DNA, (2) understanding of DNA replication, (3) creation of the HeLa continuous 
cell line, (4) release of the first synthetic antibiotic and recombinant DNA vaccine, (5) the 
discovery of messenger RNA (mRNA) and recombinant DNA (rDNA), (6) the discovery of 
restriction enzymes and increased hybridization, (7) and introduction of Dolly the cloned sheep 
(Verma, et al., 2011; Bruening & Lyons, 2000; Moldenhauer, 2013; Colwell, 2019).  
Implications also included the use of in-vitro fertilization, gene therapy, genetically engineered 
vaccines, production of insulin (Nisbet & Lewenstein, 2002), bioremediation (Bhatia & Goli, 
2018), genetically engineered animals and plants, gene therapy, using reprogrammed cells to 
create functional organs (Colwell, 2019), immunotherapy, and the creation of transgenic cattle to 
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produce human milk proteins (Moldenhauer, 2013).   Today, 60% of new drugs are biotech 
based (Vogt, 2018), including vaccines, antibiotics, blood clotting factors, hormones, cytokines, 
and antibodies (Almeida, Amaral, & Lobão, 2011).  These new drugs and the promise of others 
are providing for both daily uses and for the treatment of rare diseases, where there was no 
comparable conventional therapy (Almeida, Amaral, & Lobão, 2011).   
Ramón, Valencia, Diamante, and Calvo (2008), stated that modern biotechnology and 
prior examples differ in three areas.  Modern biotechnology involves directed change versus the 
random nature of breeding and provides greater efficiency to obtain the desired change.  The 
final area, which brings the most ethical and social concerns, involves the potential crossing of 
species barrier – generating transgenic organisms. 
For the purposes of this research study, biotechnology was defined as the moving or 
transferring of genetic material between sources, including genetic engineering, genetic 
modification, and crossbreeding. Genetic engineering is defined as the process of adding foreign 
DNA to the genome of an organism.  Transgenics are defined as an organism produced with the 
process of genetic engineering (UNL, n.d.). These examples of biotechnology, within a number 
of definitions, show the interdisciplinary integration of biotechnology within medicine, industry, 
environment, and agriculture (Bhatia & Goli, 2018).  Developments have continued to blur the 
line between conventional breeding and genetic engineering (NASEM, 2016).  The United States 
Department of Agriculture defines agricultural biotechnology as, “A range of tools, including 
traditional breeding techniques that alter living organisms, or parts of organisms, to make or 
modify products; improve plants or animals; or develop microorganisms for specific agricultural 
uses. Modern biotechnology today includes the tools of genetic engineering” (U.S. Department 
of Agriculture, n.d.).  
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Modern biotechnology: transgenics 
The technology of transgenics has the potential to enhance the desirable genetic traits 
plants, improving horticultural and food crops (Parmar, Singh, Sharma, Singh, Kumar, 
Nanjundan, & Thakur, 2017; Shew, Nalley, Danforth, Dixon, Nayga, Delwaide, & Valent, 
2015). Biotechnology has delivered agricultural crops with “substantial agronomic, 
environmental, economic, health and social benefits to farmers and increasingly to the 
consumers” (Aldemita &, Hautea, 2018, p. 1).  Genetically engineered plants are being 
developed to detoxify pollutants from the soil, water, and air, which reduce allergens in foods 
and increases nutrients (US Department of Agriculture, n.d.).  Methods of biotechnology, 
including transgenics, provide the ability to produce disease-free and pest-resistant crops, 
improve the quality of the fruit and enhance shelf life (Parmar et al., 2017), improve nutrition 
and yield, increase efficiency in water and fertilizer use, and create tolerance to stress such as 
drought and disease (Vincelli, 2016).  There is a plethora of evidence stating that genetically 
engineered crop adoption has and will benefit those in both developed and developing countries 
(NASEM, 2016; Aldemita & Hautea, 2018).  Nobel Prize in medicine recipient, Sir Richard J. 
Roberts, is leading the charge supporting precision agriculture, including genetically modified 
organisms, with 133 Nobel Prize winners agreeing with his position (Reichel, 2018).   
In fact, nature modifies engineered organisms through mutations, creating biodiversity 
(Vincelli, 2016).  Humans have long changed the genetics of plants and animals through simple 
selection, and plant breeders work to breed crops in an effort to increase plant performance 
(Vincelli, 2016, U.S. Department of Agriculture, n.d.).  Roberts stated, “Pretty much everything 
we eat today has already been genetically modified, compared to the original plants,” through 
selective breeding (Reichel, 2018).   
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“Civilization rests on people’s ability to modify plants to make them more 
suitable as food, feed, and fiber plants, and all of these modifications are 
genetic...Modern molecular genetics and the invention of large-scale DNA 
sequencing methods have fueled rapid advances in our knowledge of how 
genes work and what they do, permitting the development of new methods 
that allow the very precise addition of useful traits to crops, such as the 
ability to resist an insect pest or a viral disease, much as immunizations 
protect people from disease” (AAAS, 2012).  
 
Genetically engineered crops can make limited but very precise changes to the genetics 
of the plant, with the newest technologies becoming even more precise (Vincelli, 2016) in 
contrast to traditional plant selection and breeding.  Where genetic engineering can provide those 
precise interventions, conventional breeding moves through a trial and error process (Reichel, 
2018).  The traits of insect and disease resistance, sought after as a beneficial genetic trait, are 
precisely what have allowed plants to survive for generations and evolve over time (U.S. 
Department of Agriculture, n.d.).  
Vincelli stated,  
“Wise breeders use the best method available to solve particular problems.  
In cases where traditional breeding techniques provide an adequate level of 
crop improvement, these are preferred to techniques that are more 
technically demanding or expensive. Most crop scientists think that the 
wise use of genetic engineering will help reduce food insecurity and make 
food production more sustainable” (2016, p. 2). 
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Genetic engineering is seen, by many scientists, as one tool used in the innovation of 
food, environment, and medicine, used in conjunction with plant breeding, sustainable farming 
techniques and other types of technology (Fraley, Van Eenennaam, Benbrook, & Mellon, 2014; 
U.S. Department of Agriculture, n.d.).  Traditional methods of plant breeding alone are not 
enough to feed an increasing global population, though “neither is biotechnology a panacea” 
(Aldemita & Hautea, 2018, p. 2).  Biotechnology is a tool to achieve greater productivity and 
reduce environmental pressure, and genetic modification should be considered an essential 
component of the plant breeders’ toolbox (ISAAA, 2017).  Science must continue to develop 
technology to “increase yields and productivity in a sustainable way, while lowering the demand 
for fertilizers and pesticides” (Economidis, Cichocka, & Hogel, 2010, p. 11).   
Claims speak to both the benefits and risks of genetically engineered crops, 
understandably leaving consumers with questions.  Misinformation about the genetic engineering 
process is plentiful, with uncertainty spreading fear (Reichel, 2018).  Although sensationalized, 
claims of negative effects caused by genetically engineered crops have received a great deal of 
media attention, “none have stood up to rigorous scientific scrutiny” (AAAS, 2012, p. 1).   
 
Regulation 
Genetically engineered crops in the United States are subject to regulation through three 
federal agencies, to determine their safety: U.S. Department of Agriculture, U.S. Food and Drug 
Administration, and U.S. Environmental Protection Agency (Vincelli, 2016; US Department of 
Agriculture, n.d.).  Crops are tests for the presence of weed characteristics, potential for trait 
exchange via pollen, possibility of harmful consequences, or environmental impact on other 
organisms.  Additional testing looks for potential toxicity and the risk for an allergic response, as 
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well as stability of proteins (U.S. Department of Agriculture, n.d.)  Safety considerations must be 
at the forefront (NASEM, 2016). 
Crops produced through traditional plant breeding methods do not face the same 
regulatory standards. Genetically engineered crops are the only crops formally evaluated by 
regulatory agencies (U.S. Department of Agriculture, n.d.).   
To receive regulatory approval within the United States, each crop created through 
genetic engineering is subject to thorough analysis and testing. The new crop must be “shown to 
be the same as the parent crop from which it was derived and if a new protein trait has been 
added, the protein must be shown to be neither toxic nor allergenic” (AAAS, 2012, p. 1).   
 
Scientific consensus  
In 2016, a committee within the National Academies of Sciences, Engineering, and 
Medicine (NASEM), reviewed two decades of research on both sides of the argument, including 
scientific research and individual comments.  In reviewing two decades worth of research, the 
NASEM found that “Gene transfer from genetically engineering crops or conventionally bred 
crops to humans does not pose a substantial health risk,” (2016, p.247).  The American 
Association for the Advancement of Science (AAAS) stated, “The science is quite clear: crop 
improvement by the modern molecular techniques of biotechnology is safe,” (2012, p. 1).   
The European Commission released a comprehensive review of 25 years of data on the 
safety of crops, livestock, and other organisms produced through genetic engineering.  The 
overriding conclusion was that biotechnology does not produce a greater risk than other breeding 
methods (Economidis et al., 2010). 
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The Science Advisory Council of the National Science Academies of the EU Members 
States emphasized that, “There is no validated evidence that genetically modified crops have 
greater adverse impact on health and the environment than any other technology used in plant 
breeding,” (EASAC Policy Report No. 21, 2013).  The Royal Society, in its review of 25 years 
of data, stated that “We believe that the risks to human health associated with the use of specific 
viral DNA sequences in genetically modified plants are negligible,” (Royal Society, 2002, p. 10), 
while also recommending continued testing and regulation. 
 
Consumer concerns 
Throughout these technological advances and scientific assurances, public acceptance 
stands at the forefront of the technology moving from research to commercial viability.  There 
continues to be a gap in acceptance of genetically modified organisms between agricultural 
producers and consumers (Lucht, 2015).  Consumer preferences will likely continue to have an 
impact on both the regulation and adoption of genetically engineered products across the globe 
(Shew et al., 2015).  In this, the committee recommended the need to both continued testing and 
regulation, as well as transparency (NASEM, 2016). 
“Guiding the advances of biotechnology are a shared interaction between scientists, 
policymakers, industry, and other political or social interests,” (Cozzens & Woodhouse, 1995 in 
Nisbet & Lewinstein, 2002, p. 3).   Structured dialogue among policymakers, stakeholders, and 
the public, with a basis in sound science, is necessary for the advancement of genetic engineering 
(Economidis et al., 2010).   
Within these interactions, there is a recognized lack of trust between the groups.  
Researchers note this lack of trust being born from both a lack of public understanding in the 
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content material and the basic mistrust of those groups regardless of the knowledge base 
(Wynne, 2001).  In 1999, U.S. Secretary of Agriculture Dan Glickman noted that all of the 
benefits of biotechnology are without merit if the public will not accept it. “This boils down to a 
matter of trust. Trust in the science behind the process, but particularly trust in the regulatory 
process that ensures thorough review—including complete and open public involvement” 
(NASEM, 2016, xv). 
Wynne noted that the unwillingness to accept genetically engineered foods is often 
blamed on consumer concerns of the risks.  From this viewpoint, opposition is, therefore, 
“unfounded and based on misunderstandings, ignorance, and emotions” (2001, p. 455).  
However, Wynne argued that mistrust and opposition are not necessarily founded in ignorance 
(Wynne, 2001).   In this, simply providing knowledge will not change the perception of 
genetically engineering products. 
“Opposition to GMO crops and foods is driven by a broad range of socio-economic, 
legal, and environmental concerns, from food safety risks, perceived lack of federal food safety 
and environmental oversight, corporate control of seeds and patents, to the agrichemical 
treadmill and the development of superweeds” (Bain & Danachi, 2014, p. 9456).  The public’s 
trust must be based on more than regulation and a show of benefits of genetic engineering 
(NASEM, 2016).  This public mistrust is also a reaction to the trustworthiness of the institutions 
involved (Wynne, 1980).  Nobel Prize winner Peter Dabrock stated that “Trust is the 
fundamental currency for science in society. Young scientists have a responsibility for future 
generations, and it is important to reach out to the public and build bridges” (Reichel, 2018).   
In part, the NASEM recommended that regulatory authorities, “Should be proactive in 
communicating information to the public about how emerging genetic-engineering technology or 
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their products might be regulated (2016, p. 4), with an effort to communicate to the public 
information about the technologies and the regulatory process,” (NASEM, 2016). 
For example, the first genetically engineered crop to be approved for commercialization 
was the Flavr Savr tomato, released in 1994 (Lucht, 2015; Ramón, Valencia, Diamante, & Calvo, 
2008).  While demand was initially high, the decline in sales can be traced to media attention 
toward the genetically modified tomato, in 1998, based on information later found to be 
inaccurate (Bruening & Lyons, 2000).   
Agricultural producers, in countries were given a choice in seeds to plant, have 
overwhelmingly chosen genetically modified crops. In 2014 more than 90% of the corn, cotton, 
soybeans, sugar beets, and papaya grown in the United States was genetically modified (Lucht, 
2015; Aldemita & Hautea, 2018).  In 26 countries, 185.1 million hectares of genetically modified 
crops were planted in 2016 (Aldemita & Hautea, 2018).  Reasons for this acceptance include 
both monetary and non-monetary reasons: (1) increased yield, (2) decreased pesticide use, (3) 
time savings, (4) ease of use, and (5) flexibility in planning (Lucht, 2015).   Consumer 
skepticism has not led to a decrease in the production of crops using biotechnology.  Brazil 
plants the highest number of acreage in biotech crops, with an increase of 11 percent in 2016, 
while Australia saw an increased planting of biotech crops by 29% (Aldemita & Hautea, 2018).  
Fluctuations in the number of production acreage placed into biotech crop production are 
influenced by factors including environmental conditions, such as weather and pest pressure; 
consumer acceptance of products; market conditions, including demand for livestock feed and 
global market pressure; and government policy (Aldemita & Hautea, 2018).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
Consumer acceptance differs based on a number of criteria, including cultural, social, and 
economic factors, as well as perception, content knowledge, and trust in scientists and regulators. 
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Consumer attitudes also differ, based on the type of biotechnology, such as pharmaceutical vs. 
food biotechnology (Ramón et al., 2008).   
In a survey of young Spanish consumers, Ramón et al. (2008) found that the final 
beneficiary of the genetically modified product played a part in the acceptance.  Fifty-eight 
percent of those interviewed voiced a negative view on the use of recombinant yeasts in dealing 
with industrial waste, while 68% were favorable on the use of the same yeasts in wine 
production. 
In the case of the flavr savr  tomato, consumers initially expressed little to no concern on 
foods produced through genetic modification techniques and genetically modified labeling was 
not required (Lucht, 2015).  In 1996, the arrival of genetically modified foods in Europe were 
met with protests and opposition (Lucht, 2015).  Though the global scientific community 
continues to assert the safety and productivity of biotech crops (Aldemita & Hautea, 2018; 
National Academies of Sciences, Engineering and Medicine, 2016; Einsele, 2007), consumer 
skepticism remains.  
There is a clear gap between science content and consumer perception (Einsele, 2007).  
Consumer acceptance of genetically modified products brings the need for stakeholders to 
continue discussions to increase understanding and appreciation of biotechnology and for 
regulators to ensure safety (Aldemita & Hautea, 2018).  Global acceptance of biotech crops, 
however, is also limited by regulatory barriers, restricted development of technology, and 
growing trade disruptions (Aldemita & Hautea, 2018).  Increased acceptance, globally, will 
require cooperation between nations, as well as both public and private sectors (Aldemita & 
Hautea, 2018).  
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Through the long history of technology, the introduction of the concepts first appear 
within industry, and the introduction into the classroom comes later.  The term today is heard 
from classrooms to the cafeterias (Verma et al., 2011) from the grocery store to social media.  
While the terminology is often misunderstood (Troupe, 2015) and the definitions vary, there is 
evidence that a greater understanding of the science is beneficial.  Consumer education is key to 
informed decision making when making purchasing decisions of genetically engineered food 
(Troupe, 2015).  Developing tools for teaching biotechnology concepts, through unbiased and 
scientific basis, within primary and secondary schools is key to increased acceptance (Ramón et 
al., 2008).  Agricultural educators with a self-perceived level of knowledge in biotechnology 
showed an increased willingness to teach the material (Wilson & Flowers, 2002).   
 
Agricultural Literacy as Part of Biotech Education 
Agricultural education must include scientific explanations, in their courses of 
instruction, of areas including biotechnology, as a more sophisticated science and technology 
impact agriculture.  “Students must understand the risks and benefits even if they do not perform 
some of the processes” (Kirby, 2002, p. 4).  The National Research Council recommended 
revisions, including development of curriculum to address the basics of science impacting 
agriculture, food, and natural resources (1988). In 1991, Swan encouraged agricultural education 
instructors to “Emphasize the biotechnology and bio-science aspect of agriculture in dealing with 
agricultural education students” (Swan, 1991, p. 13).  He further advised that instructors should 
“educate high school administrators, school boards, members of the community, and citizens of 
their countries” (Swan, 1991, p. 13). 
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Agricultural literacy has been an ongoing effort for agricultural educators with efforts to 
provide both the public and policymakers with accurate information on agriculture.  The 
National Research Council recommends that agricultural educators, along with others within the 
agricultural education and communication fields, work collectively to provide programming, 
including areas of innovation within the industry (Roberts, Harder, & Brashears, 2016). 
 
Biotechnology Curriculum 
Since those recommendations were made, many efforts have been made to bring 
biotechnology into the agricultural education classroom, as well as within biotechnology 
curriculum development.  In 1994, the National FFA Foundation published the National 
Voluntary Occupational Skill Standard for an Agricultural Biotechnology Technician (Wilson, 
2002).  However, by 1999, students were still unfamiliar with the term biotechnology, according 
to a National FFA Organization commissioned study (Wilson & Flowers, 2002).   
In 2015, The Agriculture, Food and Natural Resources (AFNR) Career Pathway Content 
standards (National Council for Agricultural Education, 2015) included a Biotechnology 
Systems Career Pathway in its content standards.  The Next Generation Science Standards aligns 
well with biotechnology topics, and the standards-based assessment called for aim to increase 
both communication and critical thinking skills of students (Peterman, Pan, Robertson & Lee, 
2014).   
The agriculture industry realizes the importance of increasing consumer understanding of 
biotechnology concepts.  A provision was added to the fiscal year 2017 U.S. Department of 
Agriculture spending bill to include $3 million for consumer education and outreach, to promote  
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understanding and acceptance of biotechnology (Batra, 2016).  While the move was applauded 
by many, it was also seen as move to push an industry agenda by others. 
In 2002, the National Agricultural Education Council developed a biotechnology 
curriculum, titled Biotechnology for Plants, Animals, and the Environment.  The curriculum 
focused on the fundamentals of biotechnology, biotechnology and plants, biotechnology and 
animals, and biotechnology and the environment (Leitman, Wilson, & Darmo, 2002) with a 
primary educational strategy of hands-on activities and basic laboratory activities. 
The animal and plant biotechnology course, offered in the Curriculum for Agricultural 
Science Education (CASE), provides hands-on activities, projects, and case studies, as well as 
lab activities, to learn specific biotechnological skills (The Council, n.d.).  Developed in 2013, 
the curriculum includes five overreaching areas of study:  laboratory protocols and safety, cells, 
DNA and protein, genetically modified organisms, micropropagation, polymerase chain reaction 
and research in biotechnology (The Council, n.d.), which provide experiences within 
applications related to plant and animal agriculture.  Lab activities include micropipetting, 
bacterial cultures, transformation, electrophoresis, and polymerase chain reaction (The Council, 
n.d.). 
Carolina Biological Supply Company specializes in educational supplies for biology 
courses, provides a free curriculum, Introduction to Biotechnology:  An Essential Curriculum, 
which provides content material, hands-on activities, and links to lab and activity kits available 
for purchase (Carolina, n.d.).  
From Mendel to Markers curriculum, developed by the Office of Biotechnology at Iowa 
State University, sought to introduce “advanced middle school and high school students to how 
molecular markers are being used to improve traditional plant and animal breeding and diagnose 
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genetic diseases in all organisms” (Zeller, Hessler, & Webber, 2005, p. 5).  The curriculum was 
designed to specifically educate on Mendelian genetics, marker assisted selection and the ethical 
issues associated with the diagnosis of genetic diseases (Zeller, Hessler, & Webber, 2005, p. 5).  
The curriculum provided extensive background information, as well as also utilizing hands-on 
activities and labs while linking learning outcomes to the National Science Education Standards 
(Zeller, Hessler, & Webber, 2005). 
Bt: Sharing Its Natural Talent with Crops, a four-module curriculum to be used with 
students in 9th through 12th grades or adult audiences. It introduces the science behind Bt crops, 
specific Bt crops, production issues, and ethical issues (Office of Biotechnology, 2003).   
Introduction to Biotechnology: A Georgia Teachers Resource Manual (Wetherington, 
n.d.) was produced to guide Georgia teachers seeking career, technical, and agricultural 
education and science credit for their students and is still widely available online (Table 1).   
 
Table 1 
Introduction to Biotechnology: A Georgia Teachers Resource Manual.  Table of Contents 
(Wetherington, n.d.). 
 
Unit                              Contents 
1 Development of Biotechnology Products 
2 Careers in Biotechnology  
3 Bioethics 
4 Laboratory Procedures and Safety 
5 Biotechniques and Applications 
6 Genetic Engineering 
7 Organisms in Biotechnology 
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State and regional efforts have also played a significant role in preparing teachers for 
biotechnology education, outside of a traditional semester-based curriculum.  The Biotechnology 
Outreach Education Center, at Iowa State University, is coordinated by Mike Zeller.  He 
provides training, lessons, and materials for teachers across the state of Iowa (BOEC, n.d.).  The 
center provides training for educators during summer workshops, as well as providing lesson 
plans, labs, and hands-on activities along with free supplies and materials. Additionally, the 
center provides learning experiences for students, community, and industry groups (BOEC, n.d.). 
The University of Nebraska-Lincoln’s Department of Agronomy and Horticulture, in 
cooperation with the Nebraska FFA Association, has designed the first biotechnology Career 
Development Event (CDE), with the goal of introducing students to the biotechnology industry, 
as well as encouraging increased education on topics within biotechnology (University of 
Nebraska-Lincoln, n.d.).  The CDE has been held in Colorado, Iowa, Nebraska, and South 
Dakota.  The CDE requires students to complete a content knowledge exam, identify specimens 
associated with biotechnology and complete a team practicum, which requires students to 
evaluate a problem set using information provided (University of Nebraska-Lincoln, n.d.). Prior 
practicum topics have included identifying the steps to create transgenic goats, Enviropig, corn 
with a heat-stable alpha-amylase, and a soybean resistant to sudden death syndrome, as well as 
creating a breeding plan and resources available for classroom use (Department of Agronomy 
and Horticulture, n.d.) 
The University of Nebraska-Lincoln’s Department of Agronomy and Horticulture 
provides learning sites that focus on providing teachers and students with lessons, videos, 
animations, and quizzes providing education on practical applications of biotechnology in 
agriculture (PASSEL, 2019).   
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The National Association for Agricultural Educators (NAAE, n.d.) have developed many 
biotechnology-related lessons and labs through its Communities of Practice (CoP).  This 
professional networking site provides a location for educators to have virtual discussions and 
share ideas, lesson plans, and links to resources.  The CoP is a free resource to NAAE members 
and has a board dedicated to biotechnology. 
A search of the National Science Teacher Association’s Books and Resources site shows 
a number of sources for biotechnology-related educational information (NSTA, 2019).   
 
Table 2 
Sources and Abbreviated Descriptions of Biotechnology Related Resources (NSTA, 2019).  
 
Source  Abbreviated Description  
UN Atlas of  
the Oceans 
To that end, the Atlas presents information in four ocean topic areas—Uses 
(e.g., from fishing, shipping, and mining to tourism, dumping, and marine 
biotechnology), Issues (e.g., from food security and climate change to 
governance and human health), Facts (e.g., from history, biology, maps, and 
statistics to research, climatology, and ecology), and Geography (e.g., 
information categorized by geographical area, including links to real-time 
maps and tracking data).  
Ag Lessons 
for PreK-12  
Discover Ag Careers, produced by the American Farm Bureau Foundation for 
middle level learners, highlights the diversity of careers in agriculture with 
lessons and activities describing careers in nine different agriculture-related 
focus areas (e.g., power, structure and technical services; plant systems; 
natural resources; food products and processing systems; environmental 
service systems; biotechnology systems; animal systems; agricultural 
education; and agribusiness systems).  
ActionBioscie
nce.org 
Promotes science literacy and informed decision-making by presenting a 
collection of peer-reviewed articles from scientists, science educators, and 
science students exploring various bioscience challenges in biodiversity, 
environment, genomics, biotechnology, evolution, and science policy.  
GrowNextGen Middle and high school students can watch video profiles and get career 
advice from industry professionals in molecular biology, agribusiness, 
agricultural engineering, biotechnology, food science, and other fields. 
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Table 2. (continued) 
 
Feed the  
World 
Curriculum  
High school students that explore topics in agriculture, such as biotechnology 
in farming, energy, and ethanol, limits of food production, soil and 
sustainability, and water quality. Produced by the Ohio Corn and Wheat 
Growers 
History or 
Chemistry 
Website 
Spark interest of careers and diversity in the chemical sciences. Introduces 
somen, such as Kiran Mazumdar-Shaw (biotechnology) in the Women in 
Science television series.  
Bringing 
Biotechnology 
to Life 
This curriculum, produced by the American Farm Bureau Foundation for 
Agriculture and the International Food and Information Foundation, explores 
biotechnology and its role in food production.  
Biodiversity 
Module 
Produced by Project Learning Tree, the module focuses on Biotechnology, 
among other areas surrounding biodiversity. 
Genetics 
Education 
Website 
Developed by the National Institute of Health, the site covers such topics as 
cell biology, DNA, genes, chromosomes, heredity/inheritance patterns, 
epigenetics/inheritance and the environment, genetic conditions, evolution, 
biostatistics, biotechnology, DNA forensics, and top issues in genetics.  
Learn 
Genetics Utah 
The University of Utah’s Genetic Science Learning Center provides teachers, 
students, and the general public with accurate, unbiased information about 
genetics and health, providing lesson plans, activities, and labs. 
 
The Fralin Biotech-in-a-Box program, coordinated through the Fralin Life Sciences 
Institute at Virginia Tech provides complete biotechnology kits, to complete lab activities for 
Virginia high schools and community colleges.  Topics include studying slime mold behavior, 
DNA analysis, introduction to immunology, column chromatography, and protein 
electrophoresis (Biotech in a Box, n.d.). Genes in Space, a collaboration between Boeing and 
miniPCR, provides a limited number of Lab in a Box kits for completing DNA analysis labs in 
the classroom (Genes in Space, n.d.).  
Tennessee State University also provides Biotech in a Box, in addition to lab tours, 
internships and summer workshops.  Biotech in a Box contains equipment and materials to 
61 
 
extract and analyze DNA, detect a GMO vs. non-GMO plant, and identify samples through DNA 
patterns (Tennessee State University, 2018).  Tuskegee University offers a Plant Genomics and 
Biotechnology Workshop for instructors and students (Tuskegee University, n.d.).  
  A vast number of resources are also available online, providing individual lessons, 
activities, and labs.  Online resources to disseminate information are appropriate based on the 
quickly changing information, incorporate multimedia, and provide links to outside resources 
(Byrne, Namuth, Harrington, Ward, Lee, & Hain (2002).  The BIOTECH Project works with 
students across Arizona, providing biotechnology into the classroom in the form of professional 
development workshops and classroom visits, as well as material and equipment loans (Biotech 
Project, n.d.).   The National FFA Organization provides several individual lesson plans, 
designed to aid educators in teaching biotechnology within a variety of subject areas (National 
FFA Organization, 2019).  The National Agricultural Literacy Curriculum Matrix (Spielmaker & 
Mitsuoka, 2013) provides lesson plans and activities on a variety of topics related to agriculture. 
A search of the matrix, using the keyword “biotechnology” for all age ranges, yielded 13 lesson 
plans (Spielmaker & Mitsuoka, 2013). 
The University of Nebraska-Lincoln’s Department of Agronomy and Horticulture 
produced an interactive website, currently hosting four areas of study (table 2) in genetic 
engineering (Department of Agronomy and Horticulture, n.d.). This online resource presents 
students with a problem, then walks them through the steps in solving the problem, using genetic 
engineering and traditional breeding techniques, through videos, click and drag activities, content 
reading material, and quizzes.  Additionally, students can explore the risks and benefits of 
genetic engineering, identify equipment used in genetic engineering, and test their knowledge 
(Department of Agronomy and Horticulture, n.d.). 
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Table 3 
Objectives of Science Learning:  Genetic Engineering Online Resource.  (Department of 
Agronomy and Horticulture, n.d.). 
 
 
Online 
learning tool 
 
Objective 
Journey of a 
Gene 
Learn the steps of genetic engineering to help us make soybeans that 
are resistant to soybean sudden death syndrome. 
Enviropig Learn the steps of genetic engineering to help us make 
environmentally friendly pigs by reducing Phosphorus in pig waste 
Transgenic 
Strategies - 
Oomycete 
Learn the steps of genetic engineering used in the process of 
developing oomycete resistant soybean. 
Farmers, 
Consumers, 
and GMOs 
The world in which we live is constantly changing. Farmers and 
consumers need to adapt in order to deal with those changes. The use 
of genetically modified organisms (GMOs) is one way to help them 
with adapting. The purpose of this learning environment is to provide 
the knowledge necessary to assist farmers, and consumers navigate 
through our changing world. 
 
Commodity groups are another source of information in biotechnology, though it must be 
recognized that these groups have a vested interest in consumers with a positive view of 
biotechnology.   The American Farm Bureau Foundation for Agriculture along with the 
International Food Information Council Foundation developed the curriculum Bringing 
Biotechnology to Life (AFBFA, 2019) for “science educators and others interested in learning 
more about biotechnology and its role in food production” (AFBFA, 2019, p. 2), which 
following the learning strategies of project-based learning.  The curriculum focuses on eight 
driving questions (Table 4). 
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Table 4 
Bringing Biotechnology to Life: An Educational Resource.  Table of Contents (AFBFA, 2019).  
Lesson Driving question 
Lesson 1 What is DNA? 
Lesson 2 How can we examine DNA? 
Lesson 3 What is selective breeding? 
Lesson 4 What is biotechnology? 
Lesson 5 How is biotechnology used? 
Lesson 6 How do researchers compare DNA? 
Lesson 7 Where would we be without “GMOs”? 
Lesson 8 Where is biotechnology headed? 
Final Project Research and Public Presentation 
 
The Kansas Corn Commission sponsored a Seed to STEM summer workshop for science 
teachers, providing classroom activities and lab, and lab equipment to teach concepts of 
biotechnology and ethanol production in the high school classroom (Kansas Corn, 2017). 
The Pork Checkoff, in cooperation with the National FFA Association, produced the 
Food and Agricultural Literacy Curriculum, which provides individual lessons within the 
curriculum.  This free resource provides students with information to become informed 
consumers (Pork Checkoff, 2010). 
Science education supply companies have also been proactive in creating lessons and kits 
that are appropriate for classroom use.  Bio-Rad (2019) partnered with CASE animal and plant 
biotechnology (CASE APB) (The Council, n.d.) to provide supplies, kits, and materials for  
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classroom use.  Bio Rad’s lab textbook, “Biotechnology:  A Laboratory Skills Course” (Bio-Rad 
2019) provides the basic textbook utilized in CASE APB, as well as supplies and educational kits 
through CASE APB (The Council, n.d.).   
 
Table 5 
 
Sampling of Bio-Rad Kits Utilized in CASE APB (The Council, n.d.) 
 
            Contents 
ELISA Immuno Explorer Kit 
GMO Investigator Kit 
Got Protein? Kit 
Crime Scene Investigator PCR Basics Kit 
GFP Purification Kit 
Transformation Kit  
Restriction Digestion Kit  
DNA Fingerprinting  
 
Carolina Biological Supply provides hands-on activities, supplies, and ready to use kits, 
on topics ranging from basic biotechnology to PCR Forensics (Carolina, 2019).  Agricultural 
companies, such as Bayer, provide a number of educational resources, such as lesson plans, labs, 
guest speakers, and tours (Brown, 2018).  
Literature points to the view content knowledge is not the only factor in acceptance of 
technology (Wynne, 2001), including that of genetic engineering, there are some association 
with a content knowledge and understanding of GMOs and their acceptance.  “A low 
information public is likely to rely heavily on their underlying value orientations,” and 
information most easily available from media (Brossard & Nisbet, 2006, p. 25).  An 
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understanding of the science helps students to develop a deeper understanding of the topic while 
preparing them to engage in topical discussions and thinking critically through issues (Erdogan 
et al., 2009).   
Critical thinking skills are a vital part of science and agriculture literacy needs.  Student 
contact with science concepts alone does not provide the skills to think critically (Rogers, 2003). 
“People respond to the hazards they perceive” (Slovic, Fischhoff, & Lichtenstein, 1981, p. 497).   
Fernbach, Light, Scott, Inbar & Rozin found that “Those with the strongest anti-consensus views 
are the most in need of education but also the least likely to be receptive to learning,” (2019, p. 
255).  The overconfidence in one's knowledge also makes them less likely to be open to learning. 
Those who do need the education may not believe they need it.  Self-assessed knowledge is a 
predictor of attitudes toward acceptance (Fernbach et al., 2019).  Literacy in the content allows 
students to ask meaningful questions, analyze and interpret data, and communicate findings 
(National Research Council, 2000; Skelton, Seevers, Dormody, & Hodnett, 2012).   
Education plays a vital role in increasing students, future leaders, consumers, and 
policymakers with the understanding of biotechnology, therefore preparing them to make 
decisions on the future on biotechnology.  The use of inquiry-based instruction, a formative piece 
of agricultural education methodology, can increase students argumentation skills, “which are a 
direct link to reasoning patterns and the ability to support their conclusions based on scientific 
data” (Thoron & Myers, 2012, 65). 
 
Summary 
There are many examples throughout history that illustrate the challenges that come with 
reducing the gap between research and practice (Brownson, Eyler, Harris, Moore, & Tabak, 
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2018). Concepts of biotechnology, including genetic engineering, are complex topics that create 
a challenge for educators in practice.   
The history of biotechnology is vast, broken into three phases:  ancient, classical, and 
modern (Verma et al., 2011).   It began in ancient times and extends to current methods of 
creating transgenes, for use in medicine, animals, and plants.  Claims speak to both the benefits 
and risks of genetically engineered crops, understandably leaving consumers with questions, 
with misinformation on the genetic engineering process spreading fear (Reichel, 2018).  Claims 
on the negative effects of genetically engineered crops have not stood up to rigorous scientific 
scrutiny (American Association for the Advancement of Science, 2012).   
Consumer acceptance differs based on a number of criteria, including cultural, social, and 
economic factors, as well as perception, content knowledge, and trust in scientists and regulators.  
The National Research Council recommends that agricultural educators, along with others in 
agricultural education and communication fields, work collectively to provide programming, 
including areas of innovation within the industry (Roberts, Harder, & Brashears, 2016) in an 
effort to create scientific literacy.   
State and regional efforts have played a significant role in preparing teachers for 
biotechnology education, outside of a traditional semesterised curriculum.  Commodity groups 
are another source of information in biotechnology, though it must be recognized that these 
groups have a vested interest in consumers having a positive view of biotechnology. 
Erdogan, et al, state that content knowledge is not the only factor in acceptance of 
technology, including that of genetic engineering, through an understanding of the science helps 
students to develop a deeper understanding of the topic, while preparing them to engage in 
topical discussions and critical thinking through issues (Erdogan, et al., 2009).  In this, critical 
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thinking skills are a vital part of the educational needs.  “People respond to the hazards they 
perceive” (Slovic, Fischhoff, & Lichtenstein, 1981, p. 497).   Education plays a vital role in 
preparing individuals to make decisions on the future on biotechnology.  Agricultural education, 
as a profession, with a rich history and connection to both food and consumers, is uniquely 
poised to serve this role of bridging the gap between scientists and consumers. 
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CHAPTER 4.  ATTITUDES TOWARD BIOTECHNOLOGY: SNAPSHOT OF 
PROFESSIONAL DEVELOPMENT, BARRIERS, MOTIVATION 
IN AGRICULTURE EDUCATION 
 
A paper prepared for submission to the Journal of Agricultural Education 
Stacie M. Renner-Turnbull and Scott Smalley 
 
Introduction 
While farm and ranch families accounted for just two percent of the United States 
population in 2016, with a definitive negative trend, there continues to be a strong need for 
education in agriculture (AFBFA, 2017).  The National Council for Agricultural Education 
updated its vision and mission for agricultural education, which resulted from the Reinventing 
Agricultural Education for the Year 2020 (RAE 2020) initiative’s executive summary (National 
Council for Agricultural Education, 1999), which includes a view that goes beyond that of 
production agriculture (figure 1). 
 
Figure 1.  Vision and mission of agricultural education (National Council for 
Agricultural Education, 1999, p. 2). 
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Between 2015 and 2050, the population of the world is expected to increase by more than 
2.5 billion, with estimates of total world population in 2050 of 9.8 billion (UN DESA, 2010).  
Ninety-seven percent of the projected population increase are estimated to occur in developing 
countries (UN DESA, 2010).  This projection is often associated as evidence of the need for 
increased food production. 
Demand for agricultural products, created with less land area and fewer synthetic 
chemical resources, and are expected to continue as the world’s population grows.  This need 
will produce an opportunity for students in career areas within biotechnology (FFA New 
Horizons, 2016).  Biotechnology constitutes one of the most rapidly growing fields in science 
today (U.S. Department of Labor, 2008 in Peterman, Pan, Robertson, & Lee, 2014). 
In response to the RAE 2020, calls were made for agricultural education programs to be 
both innovative and rigorous in curriculum development to include instruction on topics such as 
biotechnology and ethics, with innovative programs being comprised of diverse populations with 
up-to-date technology (Rayfield, Murphy, Briers, & Lewis, 2012).   
Agricultural education classrooms have long provided a foundational knowledge of 
agriculture (Marx, Simonsen, & Kitchel, 2014).  RAE 2020 noted agricultural education should 
strive for an environment where citizens, “Value and understand the vital role of agriculture, 
food, fiber, and natural resources industries in advancing personal and global well-being,” 
(National Council for Agricultural Education, 1999, p. 2).  Despite a decrease in the number of 
families actively involved in production agriculture, consumers are increasingly taking an active 
interest in the food they eat and the method of production. Their judgment of the foods they eat 
may be based on little knowledge of the production, handling, processing, and commercialization 
of this food (Zeller, 2002).   
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An increase of content knowledge not only better prepares consumers to make informed 
decisions, but also prepared educators to provide increased instruction in the classroom.  When 
individuals increased their knowledge on the science of biotechnology processes were more 
supportive of the technology (Brossard and Nisbet, 2005, p. 43).  However, they also caution that 
knowledge alone is not the only factor that determines acceptance of technology.  Triggering 
events, social pressure, and trust in experts play a role in acceptance (Brossard & Nisbet, 2005; 
Fernbach, Light, Scott, Inbar, & Rozin, 2019).  Increased knowledge about a topic has a strong 
correlation with integration into the classroom (Boone, Gartin, Boone, & Hughes, 2006; Wilson, 
Kirby, & Flowers, 2002). 
Agricultural educators, whether in an urban or rural setting, are poised to provide 
education on biotechnology concepts to students, future consumers, and policymakers, which 
gives them the skills to teach the content knowledge and critical thinking skills needed to be 
scientifically literate, as well as technical skills needed for the ever growing scientific career 
opportunities.  Inquiry-based and experiential learning techniques, strongholds of agricultural 
education learning theory, lend themselves to help students learn science through investigation, 
giving them the skills to ask meaningful questions, as well as to analyze and interpret data 
(Skelton, Seevers, Dormody, & Hodnett, 2012).   
Agriculture education plays a pivotal role in providing the content knowledge needed to 
make informed decisions, creating a culture for lifelong inquiry-based learning and critical 
thinking, while also preparing students to communicate that information (Myers, 2005).  In 
addition, agriculture education provides the technical skills needed for career development in 
agriculture, an increasingly scientific and technical field (Conroy, 2000). 
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While agriculture educators are an academic discipline likely to present biotechnology 
concepts in their curriculum, many find themselves ill-equipped to communicate the science and 
technical knowledge needed to present the material (Troup, Peterson, Golick, Turnbull, & Lee, 
2017; Zeller, 2002).  This lack of preparedness comes from the following three areas, according 
Zeller (2002):   
1. Educators lack the content and technical knowledge to feel comfortable about 
integrating biotechnology into their curriculums. 
2. Shortage of money for supplies, equipment, and release time for educators to obtain 
training. 
3. Little time during the day and in classrooms to prepare and present biotechnology.  
(Zeller, 2002). 
Teacher confidence levels in their knowledge is also lacking (Troupe et al., 2017).  Giving 
teachers the scientific knowledge and written lesson plans does not necessarily give them the 
confidence to present the instruction to students (Zeller, 2002).   
Increased efforts have been made to influence the inclusion of biotechnology into the 
agricultural education classroom, including curriculum development, lab, and activity 
development, teacher training, and increasing access to lab materials and supplies (Wilson, 
Kirby, & Flowers, 2002).  However, there is still much progress to be made with educators at the 
forefront of efforts.  Rayfield et al. (2012) noted highly motivated educators will be necessary to 
create innovation of agricultural programs. Secondary agricultural science education has a role in 
preparing students for both the workforce and to be agriculturally literate citizens (Roberts and 
Ball, 2009).  Sikinyi (2003) found that while teachers are willing to integrate additional science 
content into the agricultural curriculum, they lack the knowledge to do so.  To better prepare 
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agricultural educators for this task of increasing science, and biotechnology, content into the 
classroom, professional development programs are necessary (Zeller, 2002; Sikinyi, 2003). 
This study examines the educators background of teachers, their understanding of 
definitions within biotechnology, views on biotechnology, as well as the diffusion of 
information, through professional development and biotechnology curricula, in order to inform 
the development of professional development activities and resources.  It analyzes the 
contributions to consolidate the existing research and identify a baseline of current educational 
efforts to focus future research directions. 
AAAE’s national research agenda’s priority seven focuses on the need for the profession 
to address complex problems that face agriculture, stating that those in agriculture education are, 
“positioned to bridge the gap between the general public and scientists working to solve current 
and emerging challenges related to sustainably feeding an ever-growing population under 
complications from changing weather patterns” (Roberts, Harder, & Brashears, 2016, p. 6).  
Among the top 25 research issues to be addressed, the first question in priority seven is ranked as 
the most important issue.  This question, “What methods, models, and programs are effective in 
preparing people to solve complex, interdisciplinary problems (e.g. climate change, food 
security, sustainability, water conservation, etc.),” (Roberts, Harder, & Brashears, 2016, p. 10) 
sets the basis for this research, which aims to inform those providing and developing 
professional development, preparing teachers to solve these complex world problems.  
Worldwide, agriculture production will need to increase dramatically to feed nearly 9.8 
billion people in 2050 (UN DESA, 2010; Roberts, Harder, & Brashears, 2016).  Population 
growth brings challenges in producing an increasing amount of food for this growing population.  
However, producers will need to grow more food using fewer acres of land that is less 
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productive, using less water, all while weather patterns are becoming increasingly volatile 
(Roberts, Harder, & Brashears, 2016).  This complex challenge will require a complex solution.  
However, Lucht (2015) reminded readers that biotechnology is a tool used by modern plant 
breeding technologies to develop plants, which are more productive and sustainable.   
The Research Agenda notes that there is a need for agricultural educators to produce 
leaders for the agriculture industry, even while understanding that great misconceptions exist 
within the population.  Agricultural educators are called to, “Develop a new kind of learner 
capable of thinking critically, identifying and removing biases, empowering a shared vision, and 
most importantly, primed for leadership,” (Roberts, Harder, & Brashears, 2016, p. 59). 
Gaining an understanding of teacher experiences, motivations for teaching 
biotechnology, and perceived barriers provides insight for the development of professional 
development opportunities.  “Teachers learn best through professional development that 
addresses their needs” (Meissel, Parr, Timperley, 2016, p 2). The outcome of this study should 
be of interest to those individuals developing professional development opportunities for 
agricultural science teachers, providing an understanding of teachers’ prior knowledge, 
demographics, motivations, and perceived barriers. 
 
Conceptual Framework 
The challenge for agricultural educators, according to the Research Agenda is to notes 
that there is a need for agricultural educators to produce learners with critical thinking skills – 
while also identifying and removing their biases,” (Roberts, Harder, & Brashears, 2016). 
These learners bring in their own motivations, prior knowledge, and beliefs into the 
educational setting.  Professional development activities help to prepare educators to produce the 
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learners and leaders called for in the Research Agenda (Roberts, Harder, & Brashears, 2016). 
Professional development aims to provide learning, which will ultimately lead to an 
increase in student learning (Desimone, 2009), with the learning to bridge the gap between 
research and the classroom environment.  Reducing the gap between research and practice can be 
challenging (Brownson, Eyler, Harris, Moore, & Tabak, 2018), with much of the professional 
development taking place in over a short term with limited effectiveness (Easterly & Myers, 
2017).   
 
 
 
Figure 2. Conceptual framework of teacher learning and change through cognition, self-
regulation that corresponds with cognitive learning principles and situation learning with respect 
to individual values and institutional contexts. (Lewis, Baker, & Helding, 2015). 
 
The effective implementation of learning from professional development involves factors 
beyond the educational material itself.  Lewis, Baker, and Helding’s (2015) model of teacher 
learning and change (figure 2) demonstrates the many aspects of professional development 
which must be considered, to create a long-term impact from professional development.  This 
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model views the educational setting as happening within a social context, understanding that 
teacher change, through an increase in content, pedagogy or both, is the goal of professional 
development activities (Lewis, Baker, Watts, & van der Hoeven Kraft, 2016). 
Within this social context, teachers must wrestle with prior learning and knowledge, the 
professional development experience itself, and the motivation to change.  Within the social 
context, teachers are influenced by their personal beliefs, the level of support, and perceived 
barriers, the application of the learning and the educational culture (Lewis et al., 2015). 
Within this scope of this study, teacher experiences, prior knowledge, motivation, 
professional development experiences, barriers, and beliefs are all explored. The framework 
guides the study, as factors beyond knowledge, are considered, for effective professional 
development. 
                                                                                   
Purpose & Objective 
The purpose of this study was to review teachers’ confidence level in teaching 
biotechnology concepts, professional development activities, motivation to teach the concepts, 
and perception of available resources.  The specific objectives of this study are to:  
1. Defining biotechnology terms and describe overarching aspects of biotechnology. 
2. Describe the breadth of professional development activities and resources used in 
biotechnology education.  
3. Explore attitudes toward biotechnology and biotechnology education. 
 
Procedures 
This quantitative study sought to determine instructor definitions of biotechnology and 
attitudes surrounding biotechnology education among high school agriculture educators.  The 
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target population for the study was agricultural education teachers who have participated in the 
2015, 2016, 2017, or 2018 State FFA biotechnology career development event (CDE) at the 
South Dakota, Iowa, or Nebraska State FFA Convention.   The population also included 
educators who participated in a biotechnology workshop at the 2015, 2016 or 2017, National 
Association of Agricultural Educators (NAAE) or National FFA Convention teacher workshops.  
These educators had indicated interest in biotechnology, through their willingness to participate 
in the CDE or attendance at a training.  
After receiving approval from the Institutional Review Board (IRB) (Appendix A), the 
online survey (Appendix B) was distributed through SurveyMonkey (SurveyMonkey, n.d.) to 
participants’ work or personal email address.  Three follow-up reminders were sent to non-
responders, over a 2-week period. Quantitative data were analyzed using SPSS.  Data was 
collected during the spring of 2019, following Dillman’s (2007) tailored design method.  A pre-
notice email was sent, notifying participants of an upcoming request for participation.  One week 
later, the survey was emailed out, with a second reminder, and thank you emailed out five days 
later.  Four days later, another reminder was emailed out, with a final notice/reminder emailed 
out five days later. 
A panel of experts, consisting of five university agronomy faculty and graduate students, 
as well as two college faculty within education and three college faculty outside of agriculture, 
evaluated the instrument for content and face validity, with minor adjustments being made prior 
to administering the instrument.  Measurement error was controlled through the use of a reliable 
and valid instrument.   The Cronbach Alpha was used to assess the internal consistencies of the 
summated scale in the questionnaire and ranged between .74 and .84, within an acceptable range 
(Santos, 1999).  
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Of the possible 153 participants, 74 completed the online survey instrument, with a 
response rate of 48 percent (n = 74).  Online surveys have become the predominant method of 
collecting data in academic research, based on ease, quick response, and low cost (Saleh & Bista, 
2017).  Data were collected in two groups, with early and late respondents. Dollisso and Martin 
(1999) found no significant differences between respondents and non-respondents in a t-test 
analysis, with a study using a mailed survey. The demographic data in this study was reviewed to 
compare early and late responders, as recommended by Linder, Murphy, and Briers (2001), and 
no significant difference was found between late and early responders.    
The survey instrument was distributed in the spring of 2019 and was developed within 4 
sections.  The researcher developed the demographic questions to gain insight on the prior 
experiences of participants.   
Data collection included questions based on a 5-point Likert-scale and questions that 
included multiple-choice options, some with the option to choose several options. Further 
questions focused on the attitudes of the participants originated from discussions with Dr. 
Donald Lee (personal communication, Nov. 4, 2018), in conjunction with his research interests 
in biotechnology education.  
The first section focused on teacher definitions of biotechnology and a review of the 
definitions utilized for the remainder of the survey. These definitions were based on operational 
definitions developed through the work of Dr. Donald Lee (personal communication, November 
4, 2018).  This section also obtained information on the professional development opportunities 
utilized, as well as a reflection of those opportunities.  Professional development included formal 
trainings, as well as resources such as websites and movies.  “Likert scaling presumes the 
existence of an underlying continuous variable, whose characterizes the respondents’ attitudes 
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and opinions” (Clason & Dormondy, 1994). The third section focused on teacher delivery of 
content, perceived barriers to teaching concepts, and attitudes related to biotechnology concepts.  
The final section focused on demographic information to explore teachers’ experiences.   
Participants were asked to choose between two definitions of biotechnology, before being 
provided definitions for biotechnology, genetic engineering, and transgene, to be used 
throughout the remainder of the survey.  Crawford (1997) stated that prescribed definitions 
ensure questions are handled consistently.  
Professional development for this study was defined as learning activities and 
experiences, which educators participate in order with a goal to increase classroom performance 
(Rhodes, Stokes, & Hampton, 2004), which include, in part, workshops, educative curriculum, 
and resources, and mentorship (Desimone, 2009; Easterly & Meyers, 2017).  Within this study, 
professional development was broken into two areas.  The first area considered was formal 
training.  Resources were defined broadly, including competitive events, websites, and movies.   
Participants were asked about any professional development in the area of biotechnology 
education, which they had participated in order to gather a sense of their motivation to increase 
their knowledge in biotechnology concepts:  (1) their reason for participation, (2) cost of 
participation, and (3) follow-up provided by the training.  Participants were asked to indicate 
their agreement to nine statements, which focused on their reflection of the professional 
development training, on a 5-point Likert scale.  Sample statements included: (a) The training 
motivated me to incorporate biotechnology content into my curriculum; (b) The training did not 
prepare me to answer ethical questions concerning biotechnology; (c) The training increased my 
curiosity of biotechnology topics; and (d) Following the training, I knew where to access 
biotechnology resources.   
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Participants were asked to identify resources other than formal training, which they have 
used to increase their content knowledge.  They were asked to indicate their agreement, on a 5-
point Likert scale, to nine statements that focused on their motivation for including 
biotechnology concepts into their curriculum.  Sample statements included: (a) Biotechnology 
education is relevant to my students; (b) There are potential careers in biotechnology for my 
students; (c) I enjoy teaching biotechnology concepts; and (d) Students need to understand 
genetic engineering to make purchasing decisions. 
Thirteen further statements focused on educators’ views for how to most effectively 
include biotechnology concepts into the curriculum.  Sample statements included: (a) Students 
need to hear multiple views on biotechnology; (b) Biotechnology concepts include 
crossbreeding; (c) I currently incorporate critical thinking into my curriculum; and (d) It is 
important for my students to see the practical application of biotechnology concepts. 
Five statements sought to determine what student’s curricular areas were, outside of the 
agriculture classroom, where students have access to biotechnology content materials.  
Participants were again asked to indicate their agreement, on a 5-point Likert scale.  Sample 
statements included: (a) Biotechnology concepts are discussed in my students’ science courses; 
(b) Biotechnology concepts are discussed in my students’ Family and Consumer Science courses; 
and (c) Ethical considerations of biotechnology have been discussed in other classes, other than 
agriculture, science and Family and Consumer Science. 
In an effort to determine barriers that educators face in teaching biotechnology concepts, 
participants were asked to choose statements with which they agree, from a list of 21 statements, 
with multiple answers accepted.  Sample statements included: (a) My administration is not 
supportive of teaching biotechnology concepts; (b) I feel unprepared to teach biotechnology 
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concepts; and (c) I am uninterested in teaching biotechnology concepts; (d) I lack the 
fundamentals or resources to bring biotechnology education or labs into my curriculum; and (e) 
I have ethical concerns with transgenic design. 
Ten questions focused on educators’ personal feelings toward biotechnology processes, 
on a Likert five-point scale.  Sample statements included: (a) I think transgenics bring food 
safety concerns for consumers; (b) I trust the regulatory process in the creation of transgenics; 
and (c) I think ethical discussions should be included in lessons on biotechnology topics. 
Demographic information collected included state of residence, sex, and number of years 
teaching agriculture education. 
 
Findings 
Seventy-four agriculture science teachers completed the survey, with 54% (n = 39) of the 
respondents self-identifying as female and 46% (n = 33) self-identifying as male.   Thirty-five 
percent (n = 26) of the teachers surveyed teach in Iowa, and 35% (n = 26) teach in Nebraska.   
Of the remaining 30%, 2 teachers each participated from each of the following states of 
California, Kentucky, Minnesota and South Dakota; while 1 of the teachers come from each of 
the following states of Connecticut, Florida, Maryland, Nevada, New Hampshire, New Jersey, 
North Dakota, Ohio, Oregon, Pennsylvania, Utah, Virginia, and Wisconsin (Table 1).  
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Table 1   
Demographic Information of Participating Agricultural Science Teachers  
(n = 74) 
 f % 
Sex   
Female 39 54 
Male 33 46 
State currently teaching in   
Iowa 26 35 
Nebraska 26 35 
California 2 2.8 
South Dakota 2 2.8 
Kentucky 2 2.8 
Minnesota 2 2.8 
Connecticut 1 1.4 
Florida 1 1.4 
Maryland 1 1.4 
Nevada 1 1.4 
New Hampshire 1 1.4 
New Jersey 1 1.4 
North Dakota 1 1.4 
Ohio 1 1.4 
Oregon 1 1.4 
Pennsylvania 1 1.4 
Utah 1 1.4 
Virginia 1 1.4 
Wisconsin 1 1.4 
 
 
88 
 
Years of teacher experience varied (table 2), with six teachers (8.5%) having zero to three 
years of experience; 13 (18%) having four to seven  years of experience; 24 teachers (32%) with 
eight to 15 years of experience; seven teachers (10%) having 16 to 20 years; and 23 teachers 
(31%) having more than 20 years of teaching experience (Table 2). 
 
Table 2   
Years of Teaching Experience 
 f % 
0 - 3 6 8.5 
4 - 7 13 18 
8 - 15 24 32 
16 - 20 7 10 
More than 20 23 31 
 
Objective one 
The purpose of objective one was to determine how teachers define biotechnology.  Two 
definitions of biotechnology were provided as options to choose from, based on operational 
definitions developed through the work of Dr. Donald Lee (personal communication, November 
4, 2018). 
1. The use of living things to meet the needs of people that have any kind of change 
in their genetic makeup that is selected for or modified by people. 
2. The use of living things that have just one type of genetic change, the introduction 
of a new gene. 
Throughout the rich history of biotechnology, several definitions of biotechnology have 
emerged.  These two definitions were chosen to differentiate the broad definition of 
biotechnology, which would include selective breeding, and a narrower version, with a focus on 
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transgenics.  The majority of teachers, 92%, chose the broad definition (n = 68), the use of living 
things to meet the needs of people that have any kind of change in their genetic makeup that is 
selected for or modified by people (table 3).  Three teachers (4%) chose the narrow, transgenic 
definition, while three (4%) chose both options as defining biotechnology (Table 3).   
Table 3   
Teacher Definitions of Biotechnology 
 f % 
The use of living things to meet the needs of 
people that have any kind of change in their 
genetic makeup that is selected for or modified by 
people. 
68 92 
The use of living things that have just one type of 
genetic change, the introduction of a new gene. 
3 4 
Both definitions chosen 3 4 
 
Objective two 
The purpose of objective two was to describe the breadth of professional development 
activities and resources used in the area of biotechnology education.  Participants were given six 
options, when asked to check which professional development events, in the area of 
biotechnology education, that had participated in, which included: (a) One to three-hour 
workshop; (b) Multi-day training; (c) Curriculum for Agricultural Science (CASE) Animal and 
Plant Biotechnology (APB); (d) Graduate or undergraduate courses or certificate programs; (e) 
none; and (f) other training. 
Five options for given, for types of professional development in a manner of formal 
training (table 4).  One to three-hour workshops were the most popular professional development 
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activity, with 58% of the teachers (n = 43) having participated. CASE APB was the least 
prevalent professional development, with 13.5% (n = 10) having completed the training (Table 
4).  
 
Table 4   
Professional Development Participated in, within Biotechnology Education 
 f % 
One to three-hour workshop 43 58 
Multi-day training 19 26 
Curriculum for Agricultural Science (CASE) Animal      
   and Plant Biotechnology (APB) 
10 13.5 
 
Graduate or undergraduate courses or certificate  
   programs 
26 35 
None 14 19 
Other training 6 8 
 
Professional development listed as other training included a workshop with the United 
Soybean Board, science education workshop, planning to complete CASE APB, and self-study 
with curriculum materials.   
Participants were asked what outside resources, other than formal training, they used to 
increase their biotechnology concept knowledge (table 5).  The options presented were: (a) 
University resources; (b) Extension services; (c) Online education resources, such as Journey of 
a Gene; (d) Industry websites; (e) Expert presentations, such as industry or University scientists; 
(f) Competitive events, such as the state FFA Biotechnology CDE; (g) USDA websites or 
resources; (h) FDA websites or resources; (i) Facebook groups, such as Ag Education 
Discussion Lab, The Genetic Literacy Project and Ag BioWorld; (j) Information from Ag 
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Advocates, such as Peterson Brothers and Farm Babe; (k) Information from Science Advocates, 
such as Dr. Kevin Folta, Stephan Neidenback & Dr. C.S. Prakash; (l) Anti-GMO advocates, such 
as Food Babe and David Wolfe; (m) Movies, such as Food Evolution; (n) None; and (o) Other 
(Table 5).  
 
Table 5 
  
Outside Resources, other than Formal Training, used to Increase Biotechnology Concepts 
Knowledge 
 f % 
University resources 47 64 
Competitive events, such as the state FFA Biotechnology CDE 42 58 
Online education resources, such as Journey of a Gene 40 54 
Industry websites 36 49 
USDA websites or resources 35 47 
Extension services 30 41 
Facebook groups, such as Ag Education Discussion Lab, The  
  Genetic Literacy Project and Ag BioWorld 
27 36 
Movies, such as Food Evolution 20 27 
Information from Ag Advocates, such as Peterson Brothers and  
  Farm Babe 
17 23 
Expert presentations, such as industry or University scientists 16 22 
FDA websites or resources 15 20 
Other 7 9 
Anti-GMO advocates, such as Food Babe and David Wolfe 4 5 
Information from Science Advocates, such as Dr. Kevin Folta,  
  Stephan Neidenback & Dr. C.S. Prakash 
2 3 
None 2 3 
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University resources were identified as being utilized by a majority of the study 
participants, with 64% (n=47) utilizing them.  Competitive events and Journey of the Gene also 
rated highly among the group for use, though it must be noted that the target population included 
teachers who had participated in the Biotechnology CDE, a competitive event, in which Journey 
of the Gene was used as a study resource for the competition.  36% (n=27) of the teachers 
identified Facebook groups as classroom resources, which may include current events 
surrounding biotechnology. 
The use of information from individuals with a clear bias were not highly ranked for use, 
including both anti-GMO (5%) and science activists (3%), though information from ag advocates 
were used by 23% (n=17) of the teachers in the study.  Options given for Other included: Grow 
NexGen, conversations with other educators and those in the biotech industry, Ted Talks, 
textbook, YouTube channels such as the SciShow, Ted-Ed and Kurzgesagt, Bio-Rad manual, and 
movies such as “Where the Fast Lane Ends.”    
Participants were asked their reason for participating in professional development in the 
area of biotechnology (table 6).   The motivation of teachers, to participate in professional 
development activities, are fundamental for the success of the experience (Gorozidis & 
Papaioannou, 2014).  Options presented were: (a) Required for academic or professional 
advancement or certification; (b) Personal desire to bring biotechnology into the classroom; (c) 
Encouraged or directed by school district to bring biotechnology into the classroom; (d) To 
prepare for competitive events; (e) Did not participate; and (f) Other.  For the majority of 
participants (74%; n = 55), their personal desire to include biotechnology in the classroom led to 
their participation in further education.  Autonomous motivations are strongly related to positive 
outcomes with professional development. (Gorozidis & Papaioannou, 2014).    
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Participating informal professional development, for 31% (n=23) of the participants, was 
tied to a motivation to prepare for competitive events, though, as noted earlier, the target 
population included those who had participated in the Biotechnology CDE, a competitive event 
(Table 6). 
 
 
Table 6 
  
Reason for Participation in Training or Advanced Education 
 f % 
Personal desire to bring biotechnology into the classroom. 55 74 
To prepare for competitive events 23 31 
Required for academic or professional advancement or  
  certification 
16 22 
Encouraged or directed by school district to bring biotechnology  
  into the classroom. 
5 7 
Other 5 7 
Did not participate 2 3 
 
The cost of biotechnology professional development can be expensive for educators.  
CASE APB training, for example, offered during the summer of 2019, cost $3,000 per 
participant (CASE, n.d.) while other professional development opportunities are provided at no 
cost.  Thirty-three percent (n = 24) of the participants paid for the training on their own, while 
school districts paid for 28% (n = 20) of the trainings and state grants paid for 13% of the  
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trainings (n = 9).  Other options included local grants (1%; n = 1), and for 10% (n = 7) of 
the participants, there was not a cost to the training.  Fifteen percent of the participants listed 
other, as the cost was paid with a mix of funding sources. 
Participants provided a self-reflection based on their professional development activities 
(table 7), using a 5-point Likert scale (1 = strongly agree; 2 = agree; 3 = neutral; 4 = disagree; 5 
= strongly disagree).  Participants were generally in agreement with the statements (M = 2.38 to 
M = 3.96) (Table 7) 
. 
Table 7   
Reflective Statements on Professional Development Activities 
 Mean SD 
Following the training, I knew where to access biotechnology  
  resources. 
3.96 0.80 
The training motivated me to incorporate biotechnology content into  
  my curriculum. 
3.81 0.93 
Following the training, I felt confident to teach biotechnology concepts. 3.70 0.84 
The training did not answer many of my questions on biotechnology. 3.66 0.86 
I have not increased the biotechnology content in my curriculum but  
  still, hope to increase the content. 
3.59 0.84 
The training did not prepare me to answer ethical questions concerning  
  biotechnology. 
2.72 1.07 
The training motivated me to incorporate biotechnology labs into my  
  curriculum. 
2.54 1.07 
The training increased my curiosity over biotechnology topics. 2.38 0.87 
   
Scale: 1 = Strongly disagree; 2 = Disagree; 3 – Neutral; 4 = Agree; 5 = Strongly agree 
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Objective three 
The purpose of objective one was to explore teachers’ attitudes toward biotechnology as 
a whole, as well as education within biotechnology (Tables 8 – 10).      
Table 8   
Reflective Statements on Attitudes and Beliefs Related to Biotechnology Education. 
 Mean SD 
There are potential careers in biotechnology for my students. 4.68 0.62 
Biotechnology concepts should be included in science curriculum standards. 4.58 0.66 
Genetic engineering is a topic that my students need to understand. 4.57 0.70 
Biotechnology education is relevant to my students. 4.50 0.66 
Students need to hear multiple views on biotechnology. 4.43 0.68 
The best way to increase biotechnology concept knowledge is through classroom 
understanding of the transgenic process. 
4.41 0.72 
Biotechnology concepts should be included in agriculture curriculum standards. 4.39 0.72 
Students need help to think critically about information. 4.36 0.69 
I think transgenics have environmental benefits to society. 4.30 0.81 
Ethical discussions should be included in lessons on biotechnology topics. 4.27 0.79 
I think transgenics bring environmental concerns for society. 4.21 0.82 
My students understand the process involved in creating a transgene. 4.12 0.73 
Students need to understand genetic engineering to make purchasing decisions. 4.01 0.85 
I think transgenics brings food safety concerns for consumers. 3.93 0.95 
Biotechnology concepts include crossbreeding. 3.50 1.17 
I think transgenics have economic benefits to society. 3.10 1.16 
I think transgenics bring economic benefits for producers. 2.90 1.27 
My students come into my classroom familiar with biotechnology. 2.63 1.06 
My students come into my classroom, familiar with genetic engineering. 2.39 1.17 
 
 
Scale: 1 = Strongly disagree; 2 = Disagree; 3 – Neutral; 4 = Agree; 5 = Strongly agree 
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Table 9 
Reflective Statements on Attitudes and Beliefs Related to Teaching Biotechnology Concepts. 
 Mean SD 
I would like to incorporate critical thinking into my curriculum. 4.35 0.73 
It is important for my students to see the practical application of 
biotechnology concepts. 
4.34 0.80 
I would like to incorporate technical skills into my curriculum. 4.28 0.69 
I currently incorporate critical thinking into my curriculum. 4.14 0.75 
I incorporate career opportunities within biotechnology into my curriculum. 4.09 0.78 
I would like to incorporate knowledge of the biotechnology process into my 
curriculum. 
4.08 0.74 
I am aware of biotechnology training opportunities. 4.05 0.81 
I currently incorporate technical skills into my curriculum. 3.74 0.94 
I know where to find funding for biotechnology education resources. 3.16 1.15 
I would like to learn more about genetic engineering. 3.03 1.34 
 
Scale: 1 = Strongly disagree; 2 = Disagree; 3 – Neutral; 4 = Agree; 5 = Strongly agree 
 
Table 10   
Reflective Statements on Beliefs on Biotechnology Concepts Taught in other Content Areas. 
 Mean SD 
Ethical considerations of biotechnology have been discussed in other classes, 
other than agriculture, science or family and consumer science. 
3.85 0.76 
Biotechnology concepts are discussed in my students’ science courses. 3.64 0.99 
Biotechnology concepts are discussed in my students’ Family and Consumer 
Science courses. 
3.20 1.03 
Biotechnology concepts have been discussed in other classes, other than 
Agriculture, Science or Family and Consumer Science. 
3.19 0.98 
The science teachers in my school have a favorable view of biotechnology. 2.80 0.92 
 
Scale: 1 = Strongly disagree; 2 = Disagree; 3 – Neutral; 4 = Agree; 5 = Strongly agree 
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Participants were generally in agreement with the statements focused on the importance 
and relevance of biotechnology education, as well as the desire to include biotechnology 
concepts in the curriculum.  Participants were less certain on the students’ knowledge level 
before coming into agriculture science classes. 
While teachers may agree on the benefits of teaching biotechnology, if the concepts are 
not actually being taught, the information will not reach students−future consumers.  Therefore, 
understanding barriers are important (Mowen, Wingenbach, Roberts & Harlin, 2007).  Table 11 
looks at the potential barriers that may affect the introduction of biotechnology concepts into the 
curriculum.  Sixty-six percent (n = 44) participants noted the lack of supplies or equipment to 
perform labs, while 15% (n = 11) lack the supplies to teach the concepts.  Lack of background 
knowledge was noted by 32% (n = 24) of the participants, with 27% (n = 20) feeling confident 
teaching the concepts. 
 
 
Conclusions, Implications, & Recommendations 
The purpose of this study was to review teachers’ confidence level in teaching 
biotechnology concepts, professional development activities, motivation to teach the concepts 
and perception of available resources.  The results can help guide professional development 
needs and effective methods of dissemination of information, in party by gaining an 
understanding of the factors, beyond the educational material itself, involved in teacher change 
(Lewis et al., 2015). 
Within the scope of this study, teacher experiences, prior knowledge, motivation, 
professional development experiences, barriers, and beliefs were explored.  
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The majority of the participants in this study currently teach in the states of Iowa and 
Nebraska.  Of the two definitions, the majority (92%, n = 68) of the participants chose a broader 
definition, to include “genetic makeup which is selected for or modified by people.”  This fits 
more accurately with the USDA (n.d.) definition of agricultural biotechnology, which includes 
traditional breeding and genetic engineering techniques to modify living organisms. 
The most common method of professional development was a one to three-hour 
workshop, with 58% (n = 64) of the respondents attending this way.  This fits with the findings 
of Mowen, Wingenbach, Roberts, & Harlin, (2007), which identified workshops are the 
preferred method to receive biotechnology information.  University resources (64%), competitive 
events (58%), and online education resources (54%) also rated high in outside resources used.  
This result is consistent with the stated goal of the Nebraska State FFA Biotechnology CDE, 
designed with the initial goal to encourage educators to introduce biotechnology concepts into 
the classroom, using an accompanying online resource Journey of a Gene (University of 
Nebraska-Lincoln, n.d.).  In the model of teacher learning and change (Lewis et al., 2015), 
professional development, which formal trainings and workshops fit, form one of the triad 
experiences.  
Motivation forms the second triad of the teacher learning and change model (Lewis et al., 
2015).  Lambert and McCombs (1998) describe motivation as our natural human instinct to be 
curious, active, initiate thought and behavior, make meaning from experience, and desire to be 
effective at what we value. This intrinsic motivation is driven by internal rewards, which fits 
with the study results showing that a personal desire led 74% (n = 55) of the participants to bring 
biotechnology into the classroom. This mirrors other studies, showing that agricultural science 
teachers have a positive view of biotechnology and see its value in the curriculum (Meyers, 
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2000; Mowen, Wingenbach, Roberts, & Harlin, 2007; Mueller, Knobloch, & Orvis, 2015; 
Rayfield, Murphy, Briers, & Lewis, 2012). However, it is worth noting that 35% of the 
participants (n = 26) paid for all or part of the professional development on their own.  
Following professional development, teachers were left with unanswered questions (M = 3.66, 
SD = 0.864).    
While participants felt confident in teaching the subject matter following the professional 
development (M = 3.7, SD 0.84), teachers also noted that they have not increased the 
biotechnology content in their curriculum but still plan to do so (M = 3.59, SD = 0.843). The 
findings, within the model of teacher learning and change (Lewis et al., 2015) indicates the 
motivation or desire to change and professional development, two parts explained in the model 
were met, with other barriers inhibiting teacher change.  
Teachers in the study showed a desire to increase incorporation of biotechnology 
concepts into the curriculum, following professional development activities, and have positive 
views of biotechnology education.  A perceived lack of background knowledge and lack of 
funding for equipment and supplies rank as the most significant barrier to including 
biotechnology.  This finding fits with a number of other studies, indicating similar barriers to the 
implementation of adding biotechnology concepts into the curriculum (Boone, Gartin, Boone, & 
Hughes, 2006; Mowen et al., 2007; Zeller, 2002).   
It is recommended that professional development opportunities continue in multiple 
forms.  The use of one-shot formal training, at both state and national NAAE conferences, 
provide a starting point, though it is also recommended that these workshops should include a 
plan for follow-up activities, such as emailed reminders of the material covered at the training 
and connecting teachers with professionals that can answer questions.  This follow-up is 
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important for the implementation of the training and sustainable teacher change.  Professional 
development has to be “continuous and a career-long process” (Goderya-Shaikh, 2010, p. 1) for 
the growth to be long term and to create a change in attitude (Goderya-Shaikh, 2010). 
Results from this and other studies (Boone, Gartin, Boone, & Hughes, 2006; Mowen et 
al., 2007; Zeller, 2002) show the lack of funding for equipment and supplies are a barrier for 
including biotechnology in the curriculum.  It is recommended groups explore methods of shared 
equipment and/or lab kits, which are currently offered in some states.  Models for shared 
equipment and learning, as identified in this study, include the Iowa State Office of 
Biotechnology (n.d.) and Virginia Tech Franlin Life Sciences Institute (n.d.), providing 
equipment, supplies and learning materials.   
Further research into the most effective methods of instruction is warranted, in response 
to the AAAE research agenda priority seven.  Within this, it is recommended that efforts 
continue to be made to provide low-cost training and curriculum, with ongoing support and 
follow-up, consistent with the recommendations of Garst, Baughman, and Franz (2014), in an 
effort to overcome teacher barriers and perceptions. Further research to determine the most 
effective methods of professional development activities, both formal training, and non-formal 
resources, to create long-term, sustainable teacher change are necessary. 
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CHAPTER 5.  GUIDING PROFESSIONAL DEVELOPMENT THROUGH PERCEIVED 
BARRIERS, MOTIVATION AND ATTITUDES IN BIOTECHNOLOGY EDUCATION 
 
A paper prepared for submission to the Journal of Agricultural Education 
Stacie M. Renner-Turnbull and Scott Smalley 
 
Introduction 
When science advances with the introduction of new technologies; new technologies 
extend current levels of scientific understanding (NRC, 1996).  These advances also bring with it 
a vast amount of information for consumers to digest, for which education provides a path to 
providing the tools and knowledge for understanding.  Teachers have the ability to increase 
students’ problem-solving and critical thinking skills (Bigler & Hanegan, 2011), which the 
Research Council calls agricultural educators to do (Roberts, Harder, & Brashears, 2016).  As the 
disconnect between production agriculture and consumers widens, the possession of knowledge 
of agricultural production and the ability to critically examine that knowledge becomes 
increasingly valuable. 
 
Agricultural Production  
Norman Borlaug accepted the World Food Prize in 1970, based on his research to 
increase the yield of cereal production, rice, maize, and wheat, with a goal to provide, “A 
temporary solution in a man’s war against hunger and deprivation,” (Nobel Media, 2019).   
In Borlaug’s acceptance speech (1970), he called for scientists, tradesmen, government 
leaders, educators and the media to work together to continue the progress, using technology to 
create crops with higher yields and increased nutrition.  Particularly, Borlaug focuses on the land 
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in areas where “The land is tired, worn out, depleted of plant nutrients, and often eroded; crop 
yields have been low, near-starvation level, and stagnant for centuries,” (Borlaug, 1970).  That 
goal continues today as the world population continues to grow. 
Agricultural production tripled between 1960 and 2015, often at a substantial expense to 
the environment (FAO, 2017).  By the year 2050, the world population is expected to increase to 
9.8 billion, with an estimated 97% of the projected population increase to occur in developing 
countries (UN DESA, 2010).  The question remains, “Can agriculture meet unprecedented 
demand for food in ways that ensure that the use of the natural resource base is sustainable while 
containing greenhouse gas emissions and mitigating the impacts of climate change?”  (FAO, 
2017, p. 5).  The National Academies of Sciences, Engineering, and Medicine (NASEM) (2016) 
stated that “Genetic engineering and conventional breeding are complementary approaches, and 
more progress in crop improvement will be made by using both conventional breeding and 
genetic engineering than by using either alone,” (p. 443). 
As the population increases, creating a higher demand for agricultural products, a need 
for students in career areas within biotechnology is also created (FFA New Horizons, 2016).  A 
USDA’s National Institute of Food and Agriculture (NIFA) report, Employment Opportunities 
for College Graduates, predicted that between 2015 to 2020 the United States economy would 
generate more than 57,900 openings annually for individuals with college degrees in food, 
renewable energy, and environmental specialties.  Twenty-seven percent will come within the 
area of science and engineering, with another 15% in the career area of food and biomaterials 
production.  The strongest growth was expected for graduates to work within the area of plant 
scientist, biomaterials, and precision agriculture (Goecker, Smith, Fernandez, Ali, & Goetz, 
2015).  The U.S. Department of Labor continues to predict strong employment growth within 
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science and agricultural areas.  The need for biological technicians is projected to grow 10%from 
2016 to 2026, a rate faster than the average for all occupations (U.S. Bureau of Labor Statistics, 
2019). 
 
Role of Education  
Agricultural education classrooms have long provided a foundational knowledge of 
agriculture (Marx, Simonsen, & Kitchel, 2014).  The role of agricultural education includes 
creating an environment where citizens “value and understand the vital role of agriculture, food, 
fiber, and natural resources industries in advancing personal and global well-being” (National 
Council for Agricultural Education, 1999, p. 2).   
Consumers are increasingly taking an active interest in the food they eat and the method 
of production, despite being further removed from any on-farm experience (National Research 
Council, 1988).  Their judgment of the foods they eat may be based on little knowledge of the 
production, handling, processing, and commercialization of this food (Zeller, 2002).   
A decrease in the number of families actively involved in production agriculture has led 
to a lack of, “Understanding of what goes on in the U.S. agricultural sector and its vital 
importance to the nation in terms of abundant, affordable, and nutritious food that is safe and 
secure,” (Mercier, 2015, p. 2).  Seventy-two percent of consumers, in a 2011 survey, reported 
having little or no knowledge about farming or ranching (U.S. Farmers and Ranchers Alliance, 
2011).  Yet, the ability to maintain a safe, affordable, nutritious food supply, while expanding 
renewable energy production will depend upon the integration of teams (Goecker et al., 2011) 
and public and civic leaders with literacy in agricultural topics (Mercier, 2015).  Brossard and 
Nisbet (2005) found individuals with increased knowledge “about the science of biotechnology” 
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were more supportive of the technology (p. 43).  However, they also caution that knowledge 
alone is not the only factor that determines the acceptance of the technology.  Triggering events, 
social pressure, and trust in experts play a role in acceptance (Brossard & Nisbet, 2005; 
Fernbach, Light, Scott, Inbar, & Rozin, 2019). Education happens within a context; Rogers 
(2003) noted the diffusion of innovation happens within a social system.   
In addition to providing the technical skills needed for career development in an 
increasingly scientific and technical areas of agriculture (Conroy, 2000), agriculture education 
also plays a pivotal role in providing the content knowledge needed to make informed decisions.  
The content knowledge creates a culture for lifelong inquiry-based learning and critical thinking, 
which o prepares the students to communicate that information (Myers, 2005).  Whether in an 
urban or rural setting, agriculture education has the opportunity to provide both the content 
knowledge and critical thinking skills needed to be scientifically literate.  Inquiry-based and 
experiential learning techniques, strongholds of agricultural education learning theory, lend 
themselves to help students learn science through investigation, giving them the skills to ask 
meaningful questions, as well as to analyze and interpret data (Skelton, Seevers, Dormody, & 
Hodnett, 2012).   
Priority seven of the National Research Agenda focuses on the need for the profession to 
address complex problems that face agriculture.  It further states that those in agriculture 
education are, “positioned to bridge the gap between the general public and scientists working to 
solve current and emerging challenges related to sustainably feeding an ever-growing population 
under complications from changing weather patterns” (Roberts, Harder, & Brashears, 2016, p. 
6).  Among the top 25 research issues to be addressed, the first question in priority seven is 
ranked as the most important issue.  This question, “What methods, models, and programs are 
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effective in preparing people to solve complex, interdisciplinary problems (e.g. climate change, 
food security, sustainability, water conservation, etc.)” (Roberts, Harder, & Brashears, 2016, p. 
10) sets the basis for research into the ability of educators to prepare people to solve these 
complex problems.  
 
Professional Development 
Professional development can be defined as a variety of learning activities and 
experiences, which educators participate in order with a goal to increase classroom performance 
(Rhodes, Stokes, & Hampton, 2004), including workshops, educative curriculum, and resources, 
and mentorship (Desimone, 2009; Easterly & Myers, 2017).  Numerous studies indicate 
professional development is a key teaching and learning reforms, teacher retention, and teacher 
preparation (Gore, Lloyd, Smith, Bowe, Ellis, & Lubans, 2017; Behrooz, Mosayeb, Amirhossein, 
& Mohammad, 2014; Desimone, 2009).  Classroom performance within agricultural education 
prepares students for the requirements of the labor market while providing students with a 
positive attitude towards life-long learning (Mulder & Kupper, 2006).  Further, students should 
have the ability to make a lifetime of choices in the global agriculture and natural resources 
systems and have a conversational level of agricultural literacy (ACTE, 2019). 
This study examines the educators’ background in biotechnology education, professional 
development experiences within biotechnology, and their motivation and perceived barriers to 
include biotechnology within their curriculum.  The outcome of this study should provide 
insight to individuals developing professional development opportunities for agricultural 
science teachers. 
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Conceptual Framework 
The Concerns-Based Adoption Model (CBAM) was developed by Hall and Loucks 
(1978) in an effort to help schools implement innovation (Borderding, Sadler, & Koroly, 2013).  
The CBAM takes into account those in the center of a change process – the teachers who will be 
presenting the innovation to students, to assess the attitudes, perceptions, and concerns of 
teachers (American Institutes of Research, 2019).  The topic of biotechnology is relatively new 
within the secondary curriculum and “teachers are likely at various Stages of Concern with 
respect to their integration of biotechnology into their existing” curriculum (Borderding, Sadler, 
& Koroly, 2013, p. 134).  This research utilizes the Concerns-Based Adoption Model: Stages of 
Concern as the conceptual framework, to represent the concerns and teaching practices of the 
agricultural educators in the study.   
While a strong rationale exists, within the literature, for the inclusion of biotechnology in 
the curriculum, there are barriers to its implementation (Boone, Gartin, Boone, & Hughes, 2006; 
Mowen et al., 2007; Zeller, 2002).  The complexity of a topic, or “degree to which an innovation 
is perceived as relatively difficult to understand and use” (Rogers, 1995, p. 242), indicates that 
the rate of adoption is slower as the innovation becomes more complex (Murphrey & Dooley, 
2000).  Biotechnology concepts certainly bring a level of complexity.  Professional development 
has an impact on the implementation of topics in the classroom (Gore, Lloyd, Smith, Bowe, 
Ellis, & Lubans, 2017; Behrooz, Mosayeb, Amirhossein, & Mohammad, 2014; Desimone, 2009) 
and the Stages of Concerns model will guide this study into understandings for professional 
development on biotechnology. 
The Stages of Concerns model describes 7 areas of possible concerns with the 
implementation of an innovation (American Institutes of Research, 2019).  Within the awareness 
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stage, teachers exhibit a general lack of knowledge or concern with the innovation (Borgerding 
et al., 2013), which in this case, is biotechnology.  Hassinger (1959, in Rogers, 1995) argued that 
the individual must first understand a need for innovation.   
The Stages of Concern component (figure 1), of CBAM, relates directly to how teachers 
perceive the educational innovation they are asked to implement (Willis, 1992) and span the 
areas of little involvement in an innovation to a focus on further exploration of the innovation 
(Hall & Hord, 2001). “As individuals become more comfortable with and skilled in using an 
innovation, their concerns shift to focus on broader impacts, such as how the initiative will affect 
their students or their working relationships with colleagues” (AIR, 2019, p.1)  The CBAM 
recognizes that while a teacher’s concern may shift from one stage to another, the previous stage 
of concern has not necessarily been alleviated (Willis, 1992). 
CBAM’s seven stages of concern include awareness, informational, personal, 
management, consequence, collaboration, and refocusing (AIR, 2019).  Within education, Stage 
0: Awareness takes place when the teacher has little awareness of concern of the innovation or 
new idea (Borgerding et al., 2013).  In stage 1: Informational, the teachers are interested in the 
innovation, such as an idea or curriculum, and begins seeking additional information.   In stage 
2: Personal, a teacher is concerned about how it will affect their day to day routine (Lambert, 
2014).  In stage 3: Management, the teacher has concerns about how the change will be 
managed, with concerns about time and resources (AIR, 2019).  Stage 4: Consequence has a 
teacher asking how the innovation or curriculum will impact their students or classroom 
(Borgerding et al., 2013).  In stage 5: Collaboration, the teacher is excited to share the innovation  
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or curriculum (AIR, 2019) and collaborating with other educators (Lambert, 2014)  Finally, in 
level 6: Refocusing, educators, will be reflecting on the innovation and seeking to make 
modifications (Lambert, 2014; AIR 2019). 
 
  
Figure 1. Stages of Concern within the Concerns-Based Adoption Mode.  (Reprinted with 
permission from American Institutes for Research. 2019, May 08. Stages of Concern: Concerns-
Based Adoption Model.)  
 
This framework will guide the study and the analysis of agricultural science educators 
with respect to creating effective professional development opportunities focused on the 
integration of biotechnology in the agricultural curriculum. 
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Purpose & Objective 
The purpose of this study was to provide a detailed description of teachers’ background 
in teaching biotechnology concepts, their professional development experiences within 
biotechnology, and their motivation and perceived barriers to including biotechnology concepts 
within their curriculum.   
The specific objectives of this study were to:  
1. Describe demographic characteristics and experiences of agricultural educators, 
as it pertains to their comfort level in teaching agricultural biotechnology topics in 
the classroom. 
2. Describe professional development activities participated in, with regards to 
biotechnology education.  
3. Identify motivation and perceived barriers to include biotechnology curriculum 
into the classroom.    
 
Procedures 
This study utilized a qualitative approach to determine factors relevant (Merriam, 1998)  
to the creation of effective professional development opportunities.  These factors include 
instructor definitions of biotechnology, and attitudes surrounding biotechnology education 
among high school agriculture educators. Qualitative research emphasizes a view that 
information is broken down so that it can be viewed with an interpretive lens (Campbell and 
Martin, 1992).  This research approach was utilized to explore similarities between teachers’ 
professional development experiences in a rich, descriptive format. 
The target population for the study was agricultural education teachers who participated 
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in the 2015, 2016, 2017 or 2018 State FFA Biotechnology Career Development Event (CDE), at 
the South Dakota, Iowa, or Nebraska State FFA Convention.  It also included educators who 
participated in specific biotechnology workshop sessions at either the 2015, 2016 or 2017 
National Association of Agricultural Educators (NAAE) or National FFA Convention teacher 
workshops.  These educators were purposely selected for this study, based on some recognized 
interest in biotechnology, through their willingness to participate in the Biotechnology CDE or 
attendance at a training.  Educators, in many cases, choose professional development 
opportunities based on interest, making this population appropriate to provide insight into the 
formulation of future professional development.   
After receiving approval from the Institutional Review Board (Appendix A), an invitation 
to participate was delivered via their work or personal email address.  Times were scheduled 
with interested participants and signed consent forms were returned. A phone interview, lasting 
no longer than 60 minutes, was conducted individually with 12 agricultural science educators, at 
the teachers’ time of choosing.  Individual interviews allowed the researcher to delve into social 
and personal matters (Dicicco-Bloom & Crabtree, 2006).  While the questions presented did not 
question the teachers’ personal life, the questions had the potential to bring up feelings of 
inadequacy in their teaching methods or content, making the individual interviews more 
appropriate. The questions focused on for this study included demographic questions, asking 
participants to define biotechnology concepts, describe professional development experiences 
and resources used, describe motivations and perceived barriers of biotechnology education, and 
illustrate areas of biotechnology inclusion in their curriculum. All interviews were conducted 
during the spring of 2019. 
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In-depth interviewing is defined as encounters between research and informants, directed 
toward gaining an understanding of informants’ perspectives, experiences, or situations, 
expressed in their own words (Taylor & Bogdan, 1998). The generic methodological approach 
allows for the inclusion of rich description and interpretation of data through recurring themes 
(Merriam, 1998).  A semi-structured interview format was used, organized around a set of 
predetermined open-ended questions with additional questions emerging from the dialogue 
(Dicicco-Bloom & Crabtree, 2006).   
The researcher established documented practices of qualitative research to establish the 
trustworthiness of the results.  Interviews were recorded verbatim and transcribed, by the 
researcher, for analysis.  Field notes were also taken to back up the taped interview.  A research 
log was kept throughout the interview and coding process to ensure the trustworthiness and 
reliability of the data.   
Potential bias is an aspect that must be considered with any study.  The primary 
researcher worked in the promotion of biotechnology educational resources for secondary 
agricultural science educators.  Additionally, the primary researcher was involved in the 
development and promotion of the Biotechnology Career Development Event (CDE).  During 
the interview, the researcher refrained from describing terminology related to biotechnology or 
discussing prior professional development training or the Biotechnology CDE.  None of the 
participants had a direct relationship with the researcher, which represented a conflict of 
interest.  The researchers philosophically believe that concepts of biotechnology have a place in 
secondary agricultural education programming.   
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Data Analysis 
As data were collected, constant comparative methods of data analysis were used (Strauss 
& Corbin, 1990) along with content analysis to identify themes (Merriam, 2009). All data that 
researchers reviewed and regarded as significant were put into categories. An open-coding 
technique was utilized to identify significant statements and create themes based on interview 
responses; the process breaks the data down, “comparing, conceptualizing, and categorizing” it 
(Strauss & Corbin, 1989, p. 57) .  Patton (2002) defined coding as, “Any qualitative data 
reduction and sense-making effort that takes a volume of qualitative material and attempts to 
identify consistencies and meanings” (Patton, 2002, p. 453).  The process of coding data involves 
the researcher “selecting the events to be coded, chunking the data, and assigning the codes” 
(Wildemuth, 2016, p. 374).   
Selecting the data to be coded involves keeping the research question in mind to 
determine which events will assist in answering the research questions (Wildemuth, 2016).  The 
goal of open coding is to develop codes classifying the phenomenon under review, providing 
validation of analysis.  The data were then separated into meaningful expressions and described 
as a single or short sequence of words (Flick & Foster, 2009), checked with transcripts for 
accuracy and peer-reviewed to ensure validity.  University graduate students and faculty, both 
within and outside of agricultural education, reviewed the instrument for face and content 
validity. Modifications were made to the instrument based on input received.  A research log was 
kept throughout the interview and coding process to ensure the trustworthiness and reliability of 
the data.  Member checks of data analysis further established the trustworthiness of the data 
(Lincoln & Guba, 1985). The data are grouped into core categories or themes (Table 1) (Dooley, 
2007). 
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Table 1 
Data analysis categories, codes, and exemplars 
Category       Codes      Sample Sub-Codes  Exemplar 
Preferred 
terminology 
in the 
classroom 
Term Biotechnology, Genetic Engineering, 
Transgenic  
All three – it depends if we are talking about general 
topics and the application or more specifics like GMO 
and transgenics (Rachel). 
 
 Reason Comfort, intimidating, scary, 
relevant, controversial 
Genetic engineering.  The terms are more 
controversial.  I want to help students identify what a 
GMO is and understand it (Rachel). 
 
Professional 
development 
participated in 
Training CASE APB, University course, 
NAAE workshop, industry workshop  
A workshop put on by Monsanto at the ag conference 
(Karen). 
 
 
 
Resources 
 
Journey of a Gene, CASE, industry 
lesson plans, kit from ISU, CoP, 
industry sites, Bio-Rad videos 
Guest speakers from industry; Food Evolution movie; 
industry videos; Bio-Rad kit (Rebecca). 
Utilizing 
critical 
thinking skills 
 
Methods 
 
Inquiry learning, case study, 
scenarios, research projects, 
creating protocols, problem-
solving. 
Don’t just give them the answer to their questions – 
force them to think it through (Raymond). 
Teacher 
barriers to 
teaching 
 
Concerns 
 
Student interest, instructor 
knowledge 
 
 
It’s not my content area.  I’d like to move to 
food science – it’s more relevant in our area 
(Bradley) 
 
 
Barriers Lack of equipment, lack of 
time 
I have the information to teach from, but I don’t 
have the equipment (Hilary). 
 
The researcher completing the coding is knowledgeable about secondary agricultural 
education practices and biotechnology education, having taught in the secondary setting for 8 
years, at the post-secondary level for 4 years and being involved in biotechnology professional 
development for 5 years.  Qualitative methods and a limited number of participants in the study 
mean that the results are not generalizable to a broader population (Easterly & Myers, 2017; 
Creswell, 2005). 
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Findings 
The teachers were willing to share their experiences with biotechnology education, which 
varied throughout the group.  The 12 participants in the study come from a diverse background.  
Over half (n = 8) of the teachers involved in the study were female, and 4 teachers were male.  
Twenty-five percent of the teachers come from Iowa, and an additional 25% teach in Nebraska.  
The remaining six teachers currently teach in each of the following states:  Arizona, Maryland, 
Missouri, Oregon, Texas, and Virginia.  Of the 12 teachers involved in the study, two of the 
teachers had served as a science teacher before becoming an agricultural science educator.  Years 
of experience varied, with the majority (n = 7) of the teachers having eight to 15 years of 
teaching experience (Table 2).   
Table 2   
Years of Teaching Experience 
 f % 
0 – 3 1 8 
4 – 7 2 17 
8 – 15 7 58 
16 – 20 1 8 
More than 20 1 8 
 
 
Objective one 
Objective one focused on teachers’ demographic characteristics and experiences of 
agricultural educators, as it pertains to their comfort level in presenting agricultural 
biotechnology topics in the classroom.  As previously described, the teachers in the study have a 
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diverse background.  The following sections provide a snapshot of the teachers prior experiences 
and knowledge, in relation to their understandings of biotechnology. 
 
Industry recognition. 
In order to help students to see the application of content material, it is necessary to help 
them see the connections from the material to their lives.  In the case of biotechnology education, 
that could be viewed as connecting with industry, to recognize a need for career skills, or with 
the technology of genetically engineering.   
When asked about the local industry that utilized biotechnology, teachers gave a variety 
of answers.   Eight of the teachers identified agriculture production, including farmers and 
ranchers, as utilizing biotechnology.  Examples of biotechnology given in animal agriculture 
included genetics, artificial insemination, and embryo transfer. Plant production examples 
provided included an ethanol plant, seed production, crop seeds enhanced with multiple traits, 
and cannabis production.  These examples visible in a rural community, though students may not 
understand the technology within the industry.  Medical biotechnology examples given included 
insulin produced with biotechnology.     
Bill noted, “The FFA Chapter has a test plot, and the seed company helps us understand 
the trait stacks in the seeds,” making a direct connection from the classroom learning to the 
innovation.  Two teachers were unaware of any industry utilizing biotechnology while 2 knew of 
companies working directly with DNA technology, though unaware of the details of the 
company. 
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Definitions. 
 Teachers were asked to provide a definition for biotechnology, genetic engineering, and 
transgenic.  Gillespie & Giardino (1998) stated in science, the use of terms “are essential for the 
dissemination of knowledge acquired.”  “Without precision and consistency, the information 
may not be understandable to others, or it may be misleading” (p. 427).  For this reason, it was 
important to understand the terminology used by teachers.  The study used the baseline definition 
of biotechnology as Moving or transferring genetic material between sources, including genetic 
engineering, genetic modification, and crossbreeding.  Teacher definitions of biotechnology 
varied with the majority focusing on using technology to change the biology of an organism. 
   
Table 3 
Teacher Definitions of Biotechnology 
Albert 
It on the cellular level - modify and manipulate cells to do other things, like Bt corn and 
medicines. It happens in animals, plants, and humans. 
Amy It is biology and technology - improving biology using research 
Bill 
Using any form of living object or material in a new or advancing way. Improving the 
biology of a living organism. 
Bradley It’s combining life science and technology to advance human interests. 
Cathy 
Using biology and technology together.  It’s using technology to change the biology 
of an organism. 
Hilary 
Using a substance and converting it into usable substance for industry. Change the 
substance to be more useful, like ethanol 
Karen Using living organisms to improve production or ways of the living organism. GMOs. 
Kate 
Changing the genetics - that could be selective breeding though. When we selectively 
cross plants, that's biotechnology. 
Kim Using technology to benefit living things in a broad sense. 
Rachel Engineering products, but there are applications throughout history, like fermentation. 
Raymond Manipulation and use of living organisms to improve usefulness to fit human needs. 
Rebecca Using biology to make useful products or make living things better 
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These definitions generally provided the baseline understanding the genetics were 
adapted in some manner, with many noting that the goal of the adaption was for the benefit of 
the organism or humans using the organism.   While few directly identify crossbreeding, Kate 
specifically pointed to biotechnology, including selective breeding.  She also noted, “kids just 
think it's in the lab though,” where crossbreeding generally takes place outside of a laboratory 
setting. The broad definitions of biotechnology include natural mutations, which can occur 
through radiation or chemical exposure or through a natural mistake when cells copy their DNA. 
Genetic engineering falls under the umbrella term of biotechnology, with a focus on the 
addition or manipulation of the DNA. The baseline definition of genetic engineering, used for 
this study, was: The process of adding foreign DNA to the genome of an organism (AgBiosafety, 
2001).  The majority of the teachers noted the DNA was being modified or changed in some 
manner.  Three teachers specifically stated DNA was being added to the organism and, similar to 
the biotechnology definitions, three teachers specifically noted this was done for human benefit 
or gain.  Either DNA, genes, or genetic engineering were noted as a part of the definition by 10 
of the teachers (Table 4). 
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Table 4 
Teacher Definitions of Genetic Engineering 
 
Albert It’s the manipulation of cells, using DNA to add traits 
Amy It’s a part of biotech - a type of biotechnology. 
Bill 
When you alter genetic material, the DNA sequence, to better serve the organism or 
humans 
Bradley When you take genetic material and modify or change it for human benefit or gain. 
Cathy When you modify the DNA. It usually takes place in a lab. 
Hilary 
It’s a selection technique to gene sequencing. It means to change and improve on plants 
ability to survive, such as pest and disease resistance. Or improving animals to fight off 
disease. 
Karen 
In genetic engineering, humans manipulate the process - manipulate the genetic 
material of the organism. 
Kate 
When we are taking the genetics from one species and putting them into another 
species. Engineering a gene. 
Kim The modification of genes in order to get a desired trait. 
Rachel 
It’s part of the biotech industry; remove genes from one organism and put them into 
another organism. 
Raymond 
It’s the same as Biotech - the manipulation and use of living organisms to improve 
usefulness to fit human needs. 
Rebecca The deliberate modification of a living thing; changing the DNA deliberately. 
  
Transgenics, the final term teachers were asked to define, indicates the product of genetic 
engineering.  Within this study, the definition of An organism produced with the process of 
genetic engineering was used (Table 5).   
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Table 5 
Teacher Definitions of Transgenic 
Albert It’s the same as GE, where we move genes from one spot to another. 
Amy A gene that has been changed by science. 
Bill 
Taking the genetic sequence from a species or organism and putting it into 
another organism/species. 
Bradley When we change the genetic makeup of an organism. 
Cathy Taking the genetic material from one species and adding it to another. 
Hilary Gene splicing. It changes the DNA code to improve the organism. 
Karen 
It’s very similar to genetic engineering. Genes from one organism are 
introduced in a new organism. 
Kate Transgenic is the thing that comes from genetic engineering. 
Kim 
Taking a gene from one organism to another organism/species. It's a known 
thing that scientists adjust and insert. 
Rachel 
The same as genetic engineering. It's part of the biotech industry. You remove 
genes from an organism and put them into another organism. 
Raymond 
Same as Biotech.  The manipulation and use of living organisms to improve 
usefulness to fit human needs. 
Rebecca 
Organism where we've taken the DNA from one thing and put a piece of that 
DNA into something else, for the purpose of making things better able to 
survive. 
 
The terminology can be confusing, and multiple definitions are used through the 
literature and media.  When asked to explain which of the terms they used most frequently when 
talking with students, and why, the perception which the terms held became clear.  Of the 
participating teachers, the majority used the term biotechnology most frequently (Table 6). 
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Table 6 
Instructor Definitions Preference: Biotechnology, Genetic Engineering or Transgenic 
Albert 
Biotechnology most frequently; transgenic least frequently. The kids are comfortable 
with it. 
Amy Biotechnology - the other terms scare students and are too intimidating. 
Bill 
Biotechnology - easy for kids to wrap their mind around it. It's all-encompassing and 
there are relevant examples. 
Bradley 
I use biotechnology in the initial description. Then I use genetic engineering or genetic 
modification. 
Cathy 
 
Biotechnology. That term doesn't scare kids. It's more general. I should be more 
specific, but it just comes out. 
Hilary Biotechnology - kids are most comfortable discussing the term. 
Karen 
Genetic engineering. The terms is more controversial. I want to help students identify 
what a GMO is and understand it. 
Kate 
 
Biotechnology and genetic engineering. I try to differentiate them. Sometimes,  
I find myself slipping and only using biotech even when I am talking about more 
specific genetic engineering techniques. 
Kim 
Biotechnology as it’s a broad definition. The class title is biotech - plenty of the things 
in the class are genetically modified. 
Rachel 
All three - it depends if we are talking about general topics and the application of 
biotechnology or more specifics like GMO and transgenics. General topics, application 
of biotechnology, GMO/GE, and transgenics.  
Raymond 
Biotechnology – others have negative, ethical thoughts of transgenic and GE. Terms 
used later after the comfort level has increased. 
Rebecca Biotechnology. It just comes out easier. 
 
 
For the teachers utilizing the world biotechnology most frequently in the classroom, the 
negative perceptions associated with the terms genetic engineering and transgenic were clear.  
“Biotechnology – others have negative, ethical thoughts of transgenic and GE,”  (Raymond) and 
“Biotechnology − the other terms scare students and are too intimidating,” (Amy) are two 
statements that point to the perceived low level of comfort that students have with the process of 
genetic engineering. 
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While the majority of the teachers stated the term, biotechnology was used because it is 
less controversial, Karen specifically uses the term genetic engineering because it is 
controversial. “The terms is more controversial. I want to help students identify what a GMO is 
and understand it” (Karen).  Of interest was the teachers’ statements on the word being scary to 
students. 
Critical thinking skills are a recognized constraint in the dissemination of innovation.  
Teachers have the ability to increase students’ problem solving and critical thinking skills (Bigler 
& Hanegan, 2011), which is needed to utilize knowledge gained.   Teachers participating in the 
study identified ways in which they utilized critical thinking skills in their classroom, with the 
majority referring to inquiry-based learning. Specific examples included case studies, creating a 
product with a limited direction, using scenarios, discussion, research projects, reflective 
thinking, creating protocols, problem-solving, and determining how it is applicable.   
“Make students come up with the answer instead of me giving it” (Cathy).  “Talking about 
the why” (Karen).  “Don't just give them the answer to their questions − force them to think it 
through, even if it means redoing a lab.  They need to figure out what went wrong.  Finding the 
information on their own helps to create lasting knowledge” (Raymond). 
 
Objective two  
Objective two focused on professional development activities the teachers have 
participated in, with regards to biotechnology education.  Teachers participated in a variety of 
professional development opportunities (table 7).  Common among teachers across the nation 
were Curriculum for Agricultural Science Education, Animal, and Plant Biotechnology (CASE 
APB), a 10-day course, and workshops held at the National Association of Agricultural 
Educators (NAAE) conference, which are generally one to two-hour workshops. For teachers in 
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Iowa, short courses at the Iowa State University (ISU) Biotechnology Outreach Center with Mr. 
Mike Zeller were a common.  A graduate or undergraduate genetics or biotechnology course at 
the University of Nebraska-Lincoln was common for Nebraska teachers, which was taught by 
Dr. Don Lee or Ms. Leah Sandall, respectively.  
When asked if the participant felt more confident teaching the material, following the 
course, the majority of the teachers said yes, and recognized they had more to learn.  “Somewhat 
(confident).  I still have to review the material.  I wanted to challenge the higher-level students” 
(Albert).  “Yes, though there is a lot I don't know.  I am confident in bringing up the topic − not 
confident in teaching the material” (Cathy).  While Amy has not participated in a professional 
development event, she has encouraged FFA members to participate in the Nebraska FFA 
Biotechnology CDE.  “I don’t feel confident.  I referred kids doing the Biotech CDE to the biology 
teacher” (Amy). 
 
Table 7 
Professional Development Opportunities within Biotechnology 
Albert CASE APB and a short course at ISU with Mike Zeller 
Amy None 
Bill A grad level course with Dr. Lee and a workshop at NAAE 
Bradley CASE ABP 
Cathy A workshop at NAAE and then at our state conference. 
Hilary CASE APB 
Karen 
A workshop put on by Monsanto at the ag conference; A biotech grad class at UNL; a 
workshop put on by Leah Sandall and a workshop put on by Stacie Turnbull. 
Kate Undergrad genetics class, several workshops at NAAE, CASE APB training. 
Kim 
CASE APB; workshop through Genes in Space. I had prior biology skills and taught 
AP biology 
Rachel CASE APB; A workshop with Mike Zeller at the end of the teaching block. 
Raymond Graduate-level course on teaching biotech at Virginia Tech 
Rebecca Several workshops, one with Science teachers. Workshop at NAAE. 
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The professional development activities were generally viewed as positive.  “It greatly 
prepared me −walked me through the steps.  The processes (of genetic engineering) weren’t 
familiar to me, and it has prepared me to teach the material” (Bradley).  “The CASE APB 
training was very transferable to the school setting” (Hilary).   “I was able to present the 
information to the students” (Bill).  
“Both were absolutely helpful.  The graduate biotechnology course gave me the context of 
how to teach it − the structure of the course, while the Monsanto workshop was a good refresher and 
told me what was new.  The workshop introduced labs and activities that I could use in the 
classroom” (Karen).  “CASE APB is well laid out.  I don’t teach it as presented, more as a pull-
out” (Rachel).  “It got me interested and gave me some ideas on activities to use.  It made me feel 
more confident in getting started with a class” (Cathy).  “After taking the genetics class in college, it 
made me want to learn the science of biotechnology” (Kate).   “It really got me started and thinking 
more deliberately about my discussions with students” (Rebecca).   
Albert reported learning a lot of information, “I hope that I remember it when I teach it!” 
(Albert), which leads to the question on the long-term impact of professional development.  All 
of the teachers in the study, with the exception of Amy, had participated in some manner of 
professional development on biotechnology.  For each of those teachers, only Heather recalled 
any follow-up, following the professional development.  This lack of follow-up is not unusual as 
many professional development activities do not have any follow-up, beyond an immediate 
survey on the activity itself (Snyder, Hemmeter, Meeker, Kinder, Pasia, McLaughlin, 2012). 
There is, however, research showing that programs that included individualized follow-
up for teachers have significantly larger effect sizes on teacher outcomes, compared to programs 
without follow-up (Werner, Linting, Vermeer, & Van IJzendoorn, 2016). North Dakota State 
University, for example, sponsored a summer workshop to engage math and science teachers in 
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using engineering applications in their curriculum.  In addition to the summer workshop, four 
additional workshops were held throughout the year to provide continuous support, in an effort 
to “ensure successful transformation of classroom practices” (Bowen, Kallmeyer, & Erickson, 
2018, p. 3).  O’Sullivan (2002) noted that follow-up efforts, in a variety of forms, all support the 
implementation of the professional development material.  
“We took a survey before we left CASE,” (Bradley), which covered topics such as the 
climate of the classroom and variety of snacks provided, as well as the quality of the lead 
teachers.  While the group had set-up a Google classroom for use both during and following the 
course, it did not have the answer Bradley needed, while looking for information while teaching 
CASE APB.  Bradley did not utilize the Google classroom again. 
Karen had participated in three short workshops one to three hours each), as well as a 
graduate-level biotechnology course, each without any follow-up.  In particular, she noted the 
workshop put on by a Monsanto employee, which sparked her excitement to include genetic 
engineering into her curriculum.  However, the process of this interview reminded her that there 
were a number of activities she had wanted to use in the classroom.  “I kind of forgot about the 
Monsanto one, I just forgot” (Karen).   
Cathy has a similar experience, “I could have used a reminder to use them.  I know that's 
asking for personalized touch, but honestly, I just forget of the resources.” While Kate did not have 
any follow-up contact, following the CASE APB training, she noted that she did have someone 
that she could contact when questions arose.  “A contact, in case I had questions, would be great” 
(Kate). 
For Kim, the follow-up happened due to the groups’ initiative.  “The students in the class 
started a Facebook group on our own.  We post questions, things like that” (Kim). For Raymond, 
there was no formal follow-up, but on an open line of communication has happened since his 
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first professional development experience.  “Our (groups’) interest was intrigued by those putting 
on the class.  There has been continued collaboration between our students and the scientists; we’ve 
had tours, I was offered a part-time lab job.  I even get an email occasionally” (Raymond). 
The majority of the teachers cited the desire for an email contact when they had questions 
following professional development.  “An email would be nice so that I had someone to email with 
questions later on — an email with a list of the sources used in the presentation.  When you get back 
from a conference, it's tough even to remember what we talked about.  Two weeks after we get back 
is a great time to be reminded!” (Cathy).   
 Professional development often provides a resource for teachers to use in the classroom, 
whether it is a lesson plan, a curriculum, video, or website.  Additionally, for many of the 
teachers, professional development was a catalyst to seek outside resources.  Teachers were 
asked to list some of the outside resources they use in their own classroom (Table 8). 
For the instructors, resources were viewed as helpful based primarily on ease of use and 
cost. “Free, easy to find” (Cathy).  “Accessibility of the resources” (Rachel).  “Ready to go and 
use” (Kate).  Other positive points included current events, which were seen as applicable to 
students and interactive activities.  “Videos that are well-spoken and professional” (Bradley).  
“Kids listen to the videos” (Rebecca).   
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Table 8 
Resources Used in Biotechnology Instruction 
Albert Science News, a free weekly newsletter.  
Amy Journey of a Gene from UNL 
Bill 
Cengage curriculum and textbook; lesson plans from Monsanto and Amgen medical; 
Journey of a Gene; multimedia information from UNL Plant & Soil Science eLibrary 
(PASSeL).     
Bradley Current events; CASE Curriculum. 
Cathy Journey of a Gene; industry information - Monsanto lesson plans; Current events. 
Hilary CASE Curriculum; current events. 
Karen Videos from PASSeL; Journey of a Gene; a guest speaker from Bayer. 
Kate 
 
CASE Curriculum; Videos from Bio-Rad; Industry sites 
Kim CASE Curriculum 
Rachel 
CASE Curriculum; Kits from ISU Biotech Outreach Center; IA FFA Biotechnology 
CDE; Journey of a Gene; online sites; seed company information; NAAE Communities 
of Practice (CoP).  
Raymond 
 
Introduction to Biotechnology, an Agricultural Revolution textbook, written Ray 
Herren textbook; biotech in the Box from Virginia Tech.  Students create a lot of their 
own labs and find resources. 
Rebecca 
 
Guest speakers from industry; Food Evolution movie and worksheets; industry videos; 
Bio-Rad kit. 
 
Objective three 
Objective three focused on the motivation and perceived barriers to include 
biotechnology concepts into the classroom.  Of the 12 teachers in the study, all participants 
indicated they include biotechnology somewhere in their curriculum, though the level of 
inclusion varied greatly.  Bringing additional content into the curriculum, however, was not the 
answer for all teachers. 
“Not sure I’m interested (in adding more biotechnology) for the future.  Students might 
not be interested.  I will continue to encourage students to be a part of the CDE” (Amy).  Hilary 
also stated that “kids are not interested” in biotechnology. “Very little (additional content) − it’s 
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not my content area. I'd like to move from biotech to food science − it resonates with students. In 
our area, food science is more relevant − those careers are more plentiful in our area.” (Bradley).  
Bradley also noted that the information is available to students taking the BioMed science class. Kim 
noted the lack of equipment and time as a reason to not expand the curriculum. Of the 12 teachers, 8 
confirmed that they were teaching biotechnology throughout their curriculum and intended to 
continue doing so. 
For the majority of the teachers, the motivation to attend professional development 
activities centered on biotechnology was based on a personal desire to learn more.  Only one of 
the 12 teachers in the study was required, by their school district, to attend the training.  “Biotech 
is cool!  I planted corn and soybeans and was progressive about using the ‘next thing,’ but I 
didn’t understand how we got (to a GMO).  I wanted to learn” (Bill).  For Cathy, who teaches in 
a school where students view agriculture as “picking strawberries” a job that many of their 
parents hold, she wanted them to see that agriculture was more than production.  “Science is big 
(at our school), and I was trying to reach students who normally wouldn't be interested in ag.  We've 
been working really hard on building the program, and that means recruiting kids” (Cathy). For 
Raymond, it was about being prepared.  He recounts reading an article by Dr. Harry Boone about 
teachers not being prepared.  “I wanted to be more prepared.  I didn’t like the idea of not being 
prepared to teach what my kids needed to learn” (Raymond).  
Of the 12 teachers in the study, three reported not using labs in their curriculum.  Nine 
reported using lab activities, including DNA extraction, determining Bt corn using protein test 
strips, as well as those labs associated with the CASE APB curriculum.  
Barriers for using labs often included a lack of equipment.  Seven of the 12 teachers 
listed funding as a barrier.  “I wanted to incorporate it more−I lack the equipment, and hope to do 
more” (Kim).   
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“I have the information to teach from, but I don't have the equipment” (Hilary).  “A list of 
alternatives would help.  For example, what if I don't have a deep freeze?  Can I use a pressure 
cooker instead of an autoclave?” (Rachel).   “It’s expensive.  I had two grants, but now it’s all in 
my class budget.  ISU provides some free labs, though” (Rachel). 
When teachers did have access to equipment, there are other issues that interfere with lab 
use.  “It would help to have a listing of what I need to do to prep ahead of time − clear teacher 
instructions and then reflection questions to follow up with” (Rachel).  “I need a list of potential 
problems− what could go wrong with this lab?” (Rachel).  “It’s tough finding time to pull things 
together” (Bill). 
Teacher comfort level was listed as a barrier by four teachers.  “I just don't know enough −- I 
really need to take a short course or class.  Short workshops get you excited, but I need more time to 
really get more activities into the curriculum” (Cathy).  Student interest was also a theme seen in 
the study.  “It’s tough to add new things to the curriculum, new classes” (Hilary).  “Kids are 
intimidated by the biotech class” (Rachel). 
Teachers in the study were asked what could improve their inclusion of material into the 
curriculum.  “I would like more grab and go lessons, versus piecing things together on my own” 
(Bill).  “I’m confident in teaching the content information of the curriculum, but I wish I 
understood the whys more” (Bradley). 
When asked about the importance of teaching biotechnology, the majority of the teachers 
saw a need to incorporate some aspect of biotechnology into their curriculum, though the depth 
of the content varied. “Students are not being pushed − they don’t understand the career fields 
and don’t understand that biotechnology is part of agriculture” (Albert).  “There is plenty of work 
in areas that require lab skills” (Rachel).  A basic understanding, based on the needs that a 
consumer has, was a common theme. “The main reason is to deal with misconceptions.  Terms 
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get referenced and mixed up.  There is a lot of miscommunication” (Bill). “My kids come in with 
all kinds of misconceptions and misinformation” (Cathy).  “They need to understand how to be 
an informed consumer” (Bradley). 
“They need to understand the direct science that is happening.  A lot of kids don't expand 
their thinking, and I'd like to challenge them.  Religion plays a part − biotechnology is not seen as 
natural” (Hilary). “There is confusion, and they don’t understand what biotech is, that it’s not just 
GMOs.  The technology is already being used all around them, and they don’t understand it” (Karen). 
“It's important to create consumers that understand the difference between what people tell us and 
what is really happening.  They need to know where to go for information besides social media” 
(Rachel).  “Yes − they will be making consumer decisions soon” (Rebecca).  
Laws affecting GMOs were also noted by two teachers.  “These are the kids that will be 
voting on legislation with their pocketbooks” (Kate).  “Biotech is shoved in their face with the GMO-
free labels.  What does that mean?  It's something we had to vote on here in Oregon.  They need a 
little background” (Kim).  Not all saw the need, however.  “The biology teacher covers it, so I 
don’t need to” (Amy).   
Teachers responses show a variety of responses along the stages of concern model, 
through the utilization of a variety of professional development resources (Table 9).   
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Table 9 
Resources Used in Biotechnology Instruction: Stages of Concern 
 
Stage           Key finding 
0. Awareness 
Even teachers not including biotechnology concepts in the curriculum were aware of 
definitions and economic impact of biotechnology 
1. Informational Teachers indicated a lack of background knowledge  
2. Personal  Teachers expressed feelings of a lack of confidence   
3. Management Teachers commonly cited concerns with lack of supplies and equipment.  
4. Consequence 
Teachers expressed need understanding of biotechnology for students to be informed, 
consumers, and voters. 
5. Collaboration Teachers desired to fit biotechnology within their curricula.  
6. Refocusing (None) 
 
 
Conclusions, Implications, & Recommendations 
The purpose of this study was to provide a rich description of teacher’s background in 
teaching biotechnology concepts, their professional development experiences within 
biotechnology and both their motivation and perceived barriers to including biotechnology 
concepts within their curriculum.  The intent was not to generalize the results to all agricultural 
educators teaching biotechnology but rather to describe the population of teachers who self-
selected to take part in biotechnology professional development.  Caution should be taken to not 
generalize the results to broader populations.  
The RAE 2020 noted the role of agricultural education includes creating an environment 
where citizens, “Value and understand the vital role of agriculture, food, fiber, and natural 
resources industries in advancing personal and global well-being,” (National Council for 
Agricultural Education, 1999, p. 2).  The majority of the teachers in the survey recognized the 
importance of education on biotechnology for this very reason − to prepare students to become 
informed citizens.  A couple of the teachers referred to an episode on “Jimmy Kimmel Live.”  In 
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the skit, a crew from “Jimmy Kimmel Live” heads to a farmer’s markets to ask people why they 
avoid GMOs and, more specifically, what the letters GMO stand for (Jimmy Kimmel Live, 
2014).  It is viewed as an exaggerated comedic act but is also a wakeup call for producers to hear 
consumer’s thoughts.  
“Yes, it’s important to teach.  We have a biotechnology illiterate society with negative press.  
We are ambassadors to spread truth and good science.  Have you seen ‘Jimmy Kimmel Live's’ What 
is a GMO?  It (biotech) has an impact on society” (Raymond). 
Consumers are taking an increasingly active interest in the food they eat and the method 
of production, despite being further removed from any on-farm experience (National Research 
Council, 1988).  Rachel pinpointed a common sentiment among the teachers involved in the study, 
“They need to know where to go for information besides social media” (Rachel). Agriculture 
education plays a pivotal role in providing the content knowledge needed to make informed 
decisions, creating a culture for lifelong inquiry-based learning and critical thinking, while also 
preparing students to communicate that information (Myers, 2005).  Other reasons that teachers 
in the study provided for incorporating biotechnology education are based on learning the 
technical skills needed for career development in an increasingly scientific and technical area of 
agriculture (Conroy, 2000).  
 Terminology is essential as a part of the dissemination of knowledge, “Without precision 
and consistency, the information may not be understandable to others, or it may be misleading,” 
(Gillespie & Giardino, 1998, p. 427).  Basic definitions of the teachers in this study align with 
current understandings. 
Teachers in the study participated in a variety of professional development opportunities, 
including Curriculum for Agricultural Science, Animal and Plant Biotechnology (CASE APB), 
workshops held at the National Association of Agricultural Educators (NAAE) conference, short 
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courses at the Iowa State University (ISU) Biotechnology Outreach Center, and full semester 
genetics or biotechnology course.  Teachers noted the lack of follow-up may have increased their 
use of the materials within the curriculum.  This is consistent with research showing that 
programs, which included individualized follow-up for teachers have significantly bigger effect 
sizes on teacher outcomes, compared to programs without follow-up (Werner et al., 2016).  
 Professional development often provides a resource for teachers to use in the classroom, 
whether it is a lesson plan, a curriculum, video, or website.  Additionally, for many of the 
teachers, professional development was a catalyst to seek outside resources.  Teachers noted 
choosing resources based on cost and ease of access.  Other attributes included involving current 
events, providing applicable information, as well as being both interactive and engaging to 
students.  Teachers responses show a variety of responses along the stages of concern model, 
through their participation in a variety of professional development opportunities (Table 10).   
 
Table 10 
Professional Development Opportunities within Biotechnology: Stages of Concern  
 
Stage           Key finding 
0. Awareness 
Even teachers not including biotechnology concepts in the curriculum were aware of 
PD opportunities 
1. Informational Teachers had attended at least one PD on biotechnology  
2. Personal  
Teachers expressed feelings of a lack of confidence – had not learned enough during 
the PD  
3. Management 
Teachers commonly cited concerns with lack of supplies and equipment to utilize 
information learned in PD.  
4. Consequence 
Teachers expressed need understanding of biotechnology for students to be informed    
    consumers and voters. 
5. Collaboration 
Teachers desired to fit biotechnology within their curricula, seeking outside resources  
    and opportunities.  
6. Refocusing Teachers sought out additional opportunities, including outside lab work. 
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Teachers’ motivation to be a part of learning experiences, such as professional 
development, should be fundamental for the success of the experience (Gorozidis & 
Papaioannou, 2014).   For the majority of the teachers, the motivation to attend professional 
development centered on biotechnology was based on a personal desire to learn more.  
Autonomous motivations are strongly related to positive outcomes with professional 
development. (Gorozidis & Papaioannou, 2014). 
Teachers in the study fit within a variety of stages within CBAM’s seven stages of 
concern (AIR, 2019).  Within education, Stage 0: Awareness, one teacher had an awareness of 
biotechnology and its’ impact, though little concern or desire to add biotechnology to the 
curriculum.  Within stage 1: Informational, the remaining teachers were interested in the 
inclusion of biotechnology into the curriculum, and have sought additional information.   In stage 
2: Personal, teachers were concerned about the routine of the curriculum, wondering what 
curriculum was most important to include in their curriculum, wondering what content would be 
removed if biotechnology were added.  Additionally, teachers were concerned about the 
confidence level within this stage. In stage 3: Management, teachers were concerned about the 
amount of time it takes to prepare labs, as well as concerned about finding materials and 
supplies.  Within stage 4: Consequence, teachers are asking themselves how the curriculum will 
impact their students, determining career skills or current events impacting them.  In stage 5: 
Collaboration, teachers are excited about the added material in the curriculum and collaborating 
with other educators or professionals, in the case of working with the science teacher, attending 
additional training, or working with professions on teacher or student research projects.  In level 
6: Refocusing, teachers are reflecting on curriculum additions and refining them to be more 
effective. 
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Three teachers noted students are not interested in biotechnology, leading to the need to 
motivate teachers to include content into the curriculum. Other barriers include lack of time and 
funding for supplies and equipment, as well as lack of knowledge.  Warnick & Thompson (2007) 
found a majority of both the agriculture and science teachers in their study agreed that lack of 
funding and equipment was a barrier to integrating science into agriculture programs. Science 
teachers were more likely to note a lack of teacher knowledge as a barrier, compared to 
agriculture teachers (Warnick & Thompson, 2007).   
In this study, teachers also noted a lack of equipment prevented them from increasing the lab 
activities within the curriculum, while only four of the 12 participants reported lack of knowledge 
was a barrier in adding labs.  Agricultural educators have been encouraged to use lab activities as 
they continue to encourage scientific topics.  Parr and Edwards (2004) found that laboratory 
instruction, with a focus on scientific problem solving, allowed teachers to enhance student 
experiences in science-based instruction in agriculture.  While the use of hands-on laboratory 
activities are often associated with agriculture courses, such as greenhouse, mechanics lab, and 
livestock facilities (Shoulders and Myers, 2012), CASE APB looks at labs with a decidedly science 
lens, using lab activities to formulate correct solution percentages, run an electrophoresis gel, and 
create a plant transformation (The Council, n.d.).  
Lack of time, funding and equipment are barriers likely will continue to be significant 
barriers in the integration of science and agriculture and agriculture education is not isolated subset in 
this regard (Thompson & Balschweid, 1999; Zeller, 2002).  It is recommended curriculum being 
developed consider the barriers of funding and time.  Specific recommendation from teachers 
includes providing a list of alternatives for safe equipment, such as a crockpot for a water bath, 
providing detailed instructions, including references to how long materials will remain viable.  
Additionally, listings of potential problems that might arise will help teachers be more prepared.  
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While CASE APB was viewed favorably by the majority of the teachers, there is still a need 
for outside lesson plans.  Recommendations remain for grab and go lesson plans, which include 
professional and engaging videos.  In helping teachers prepare their students for critical thinking, it is 
recommended that lessons include inquiry-based learning.  Reflective thinking questions are an 
important aspect of the lesson plans, though teachers should be provided discussion points, to help 
them explain the why of the activity. 
Cathy pointed to the advice she received at a NAAE workshop on biotechnology, “Get 
started and don't worry about being perfect.  At the NAAE workshop, we were encouraged to do 
something − bring biotech in somewhere into my classes” (Cathy).  Raymond echoed a similar 
reflection, “It was scary starting out.  I questioned, Could I do this?  My advice is that it isn’t as 
scary as you think.  You can do this” (Raymond).  This highlights the recommendation for 
continued professional development in multiple forms.  One-short trainings, at both state and 
national NAAE conferences, were popular, so it is recommended that they continue and their 
effectiveness be continually evaluated.  It is also recommended that these workshops should 
include follow-up activities.  An email, following the training, would provide both a reminder of 
the resources used in the training, as well as a push to utilize the information.  A majority of the 
teachers noted a need for a contact, which they could use in asking questions.   
For professional development to be long term and to create a change in attitude 
(Goderya-Shaikh, 2010), follow-up is an important part of the implementation.  In order to 
increase the level of effectiveness of professional development experiences, there is a need for 
research on follow-up efforts.  Future research should consider methods to ensure the highest 
level of implementation of the material, following professional development experiences. 
 Biotechnology, as noted by teachers in the study, can be viewed as scary and 
intimidating to both teachers and students.  The relevance for the agriculture industry and 
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consumers is clear.  Agriculture education is poised to link agriculture producers and consumers. 
It is recommended that Professional Development opportunities ensure that the relevance is 
included in the learning.   
Further research on the most effective instructional materials is warranted, either 
standalone curriculum or supplemental.  This research should consider the various needs of 
educators − based on lack of equipment and supplies and lack of knowledge.   
This study, as well as others, (Boone, Gartin, Boone, & Hughes, 2006; Mowen et al., 
2007; Zeller, 2002) indicate that the lack of funding for equipment and supplies are a barrier for 
including biotechnology in the curriculum.  It is recommended professional agricultural 
education groups explore to provide shared equipment and/or lab kits.  Models for shared 
equipment and learning, as identified in this study, include the Iowa State Office of 
Biotechnology (n.d.) and Virginia Tech Franlin Life Sciences Institute (n.d.), providing 
equipment, supplies and learning materials.   
Further research into the most effective methods of instruction is warranted, in response 
to the AAAE research agenda priority seven.  It is recommended that efforts continue to be made 
to provide low-cost training and curriculum, which include ongoing support and follow-up 
opportunities, in an effort to overcome teacher barriers and perceptions, consistent with the 
recommendations of Garst, Baughman, and Franz (2014). Further research to determine the most 
effective methods professional development activities, both formal training, and non-formal 
resources, to create long-term, sustainable teacher change are warranted. 
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CHAPTER 6. GENERAL CONCLUSIONS AND RECOMMENDATIONS 
 
Conclusions and Implications 
This dissertation features three journal articles that examine the attitudes, motivations, 
and perceived barriers in including biotechnology content into the secondary agricultural 
education curriculum.  The studies, utilizing qualitative and quantitative methods, examine the 
educators understanding of and attitudes toward biotechnology, current professional 
development participated in, willingness to provide instruction on concepts surrounding aspects 
of biotechnology, and perceived barriers in including concepts.   
The results of these studies can assist in guiding professional development needs to create 
effective and sustainable professional development, in part by gaining an understanding of the 
factors, beyond the educational material itself, involved in teacher change (Lewis et al., 2015).  
This professional development is necessary in preparing agricultural educators to meet  
Further research into the most effective methods of instruction for providing 
biotechnology education is warranted, in response to the American Association for Agricultural 
Education National Research Agenda 2020.  The agenda asks, “What methods, models, and 
programs are effective in preparing people to solve complex, interdisciplinary problems (e.g. 
climate change, food security, sustainability, water conservation, etc.)?” (National Council for 
Agricultural Education, 1999, p. 6). 
Within agricultural science teachers in the study, the majority have a positive view of 
biotechnology, recognizing the implications for agriculture and medical use.  Teachers also 
identified the value in students gaining an understanding of biotechnology processes, primarily 
as viewed from a consumer standpoint.  In this, the majority of the teachers had participated in 
professional development activities out of a personal desire to increase their knowledge level in 
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the content.  This mirrors other studies, showing agricultural science teachers have a positive 
view of biotechnology and see its value in the curriculum (Meyers, 2000; Mowen, Wingenbach, 
Roberts, & Harlin, 2007; Mueller, Knobloch, & Orvis, 2015; Rayfield, Murphy, Briers, & Lewis, 
2012).  
In defining biotechnology, the majority of the participants chose a broader definition, to 
include “genetic makeup which is selected for or modified by people.”  This fits more accurately 
with the USDA (n.d.) definition of agricultural biotechnology, which includes traditional 
breeding and genetic engineering techniques to modify living organisms.  Similarly, participants 
in the qualitative study were able to recognize increased complexity of the definition of genetic 
engineering, noting that the DNA was being modified or changed in some manner. Three 
teachers specifically stated DNA was being added to the organism, and three teachers 
specifically noted this was done for human benefit or gain.        
The majority of the teachers reported using the term biotechnology in their classroom 
most frequently, due to the comfort level that came with the term.  Terms such as genetic 
engineering and transgenic were noted as being scary, intimidating, controversial, and negative. 
It is interesting to note Karen specifically uses the term genetic engineering because it is 
controversial and seen as an opportunity for increased learning. 
 The most common method of professional development was participation in a one to 
three-hour workshop.  This fits with the findings of Mowen, Wingenbach, Roberts, & Harlin, 
(2007) which identified workshops as the preferred method to receive biotechnology 
information.  University resources, competitive events, and online education resources also rated 
high in outside resources used by teachers.  Participants felt more confident following the 
professional development, though that did not equate to an increase in biotechnology content in 
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the curriculum. A perceived lack of background knowledge, lack of funding for equipment and 
supplies, and lack of time were noted barriers to including biotechnology.    
The intent of these studies was not to generalize the results to all agricultural educators 
teaching biotechnology but rather to describe the population of teachers who self-selected to take 
part in this biotechnology professional development.  These studies should not be used to 
generalize the results to broader populations.  
 
Recommendations 
 
Recommendations for State Associations 
Results from the study show the lack of funding for equipment and supplies are a barrier 
for including biotechnology in the curriculum.  It is recommended state associations explore 
methods of shared equipment and/or lab kits, which are currently offered in some states.  These 
kits provide teachers with the supplies that are otherwise cost-prohibitive to them and only 
needed for a short period of time.   Models for shared equipment and learning, as identified in 
this study, include the Iowa State Office of Biotechnology (Biotechnology Outreach, n.d.) and 
Virginia Tech Franlin Life Sciences Institute (n.d.), providing equipment, supplies and learning 
materials.   
Teachers in the study struggled to name industries that utilize biotechnology, though it is 
important to note the majority of the teachers did recognize the use of biotechnology within 
production agriculture. Few teachers referred to technical skills needed for career development.  
Conroy (2000) stated technical skills needed for career development in an increasingly scientific 
and technical areas of agriculture.   It is, therefore, recommended that state associations consider 
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bringing these industries to the forefront.  For example, are these businesses willing to be listed 
as potential guest speakers, are they positioned at career fairs, or serving as ag science fair 
judges?  Finally, it is recommended that teachers be reminded of resources available to them.  
Several teachers noted a desire for a centralized site to look for information on biotechnology. 
 
Recommendations for Professional Development 
Professional development opportunities provide a valuable link from research to the 
practice, with a goal to achieve some manner of change in knowledge, attitude, or viewpoint.   
(Lewis, Baker, Watts, & van der Hoeven Kraft, 2016).  The results of these studies show a 
positive impact from the professional development, though it is important to note that 
professional development for these studies are defined as learning activities and experiences 
(Rhodes, Stokes, & Hampton, 2004), including workshops, educative curriculum and resources, 
and mentorship (Desimone, 2009; Easterly & Meyers, 2017).  Additionally, the teachers in the 
studies self-selected to take part in this biotechnology professional development.   
While professional development activities in the studies had a positive impact, the impact 
was not necessarily a sustainable, long-term impact.  It is recommended that professional 
development opportunities continue, in multiple forms and based on multiple levels of teacher 
knowledge.  Continued professional development should provide learning for teachers with 
multiple levels of biotechnology prior knowledge, experience, and identified level of potential 
content inclusion.   
The use of one-shot formal trainings, at both state and national NAAE conferences, 
provide a good opportunity to reach a large number of agricultural educators.  With these 
workshops, however, it is also recommended that workshops include a plan for follow-up 
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activities.  Suggested follow-up activities include emailing material covered at the training and 
connecting teachers with other teachers or professionals that can answer questions.  Follow-up 
measures will help ensure implementation of the information presented and impact sustainable 
teacher change.  Professional development must be “continuous and a career-long process” 
(Goderya-Shaikh, 2010, p. 1) for the growth to be long term and to create a change in attitude 
(Goderya-Shaikh, 2010). 
The RAE 2020 noted the role of agricultural education includes creating an environment 
where citizens, “Value and understand the vital role of agriculture, food, fiber, and natural 
resources industries in advancing personal and global well-being,” (National Council for 
Agricultural Education, 1999, p. 2).  Most of the teachers in the survey recognized the 
importance of education on biotechnology for this very reason − to prepare students to become 
informed citizens.  Agricultural education plays a pivotal role in providing the content 
knowledge needed to make informed decisions, creating a culture for lifelong inquiry-based 
learning and critical thinking, while also preparing students to communicate that information 
(Myers, 2005).   
Therefore, it is recommended that professional development activities continue in the 
area of biotechnology education.  While CASE APB provides a resource that the teachers have 
a favorable view of, it is not an option for all.  It is recommended further professional 
development opportunities be explored. In this, it is recommended presenters or conference 
organizers contact participants following the presentation or training.  An email two weeks post-
training reminds teachers of resources.  Any longer-term connection will likely enhance 
implementation of the material into the curriculum. 
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Recommendations for Curriculum Development 
It is recommended curriculum being developed consider the barriers of funding and time.  
Specific recommendation from teachers include providing a list of alternatives for safe equipment, 
such as a crockpot for a water bath, providing detailed instructions, including references to how long 
materials will remain viable.  Additionally, listings of potential problems that might arise will help 
teachers be more prepared.  
Developing curriculum which considers the variations in prior-knowledge, motivations, and 
perceived barriers, as well as considering the stages of concern for agricultural educators, is 
important in developing sustainable learning in the area of biotechnology.  
Curriculum must address the basic need to create a level of comfort in terminology and 
discussion of ethical concerns.  Teachers interviewed were teaching biotechnology from a goal 
of preparing students to be informed consumers, rather than to increase technical skills. In 
creating informed consumers, the profession must be prepared to comfortably discuss 
terminology and ethical issues.  Curriculum must be prepared to discuss topics, reported by 
teachers as being scary, intimidating, and controversial topics for students.  
 
Recommendations for Future Research 
Based on the findings of this study, several questions about biotechnology education 
were raised and may be worth further exploration, including:  
1.  Further research into the most effective methods of instruction is warranted, in 
response to the AAAE’s research agenda priority seven.  Within this, it is 
recommended that efforts continue to be made to provide low-cost training and 
curriculum, with ongoing support and follow-up, consistent with the 
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recommendations of Garst, Baughman, and Franz (2014), to overcome teacher 
barriers and perceptions.  
2. There is a need for increased research on the effectiveness of follow-up efforts 
after professional development activities.  Biotechnology topics, specifically 
complex topics of genetic engineering, are difficult topics to understand and an 
understanding of the most effective follow-up is warranted, to ensure the highest 
level of implementation. 
3.  Time, funds, and equipment are likely to remain barriers.  Further research on the 
most effective instructional materials is warranted, either stand-alone curriculum 
or supplemental, to determine the most effective way to provide instruction when 
costly equipment is not available.   
4. The Biotechnology CDE was noted by participants.  Of note was a teacher who 
was heavily vested in biotechnology education, and another teacher did not plan 
to include biotechnology into the curriculum.  Both, however, utilized the CDE.  
Future research looking at the effectiveness of the CDE to encourage teachers and 
students to increase their knowledge of genetic engineering and plant breeding.  
This researcher talked with a student in an industry internship and found that she 
was pursuing a degree in agronomy, based on her experience in the 
Biotechnology CDE.  Is this a fluke or a pattern? 
Education in biotechnology is vital for preparing students for future career areas and to be 
informed, citizens.  Concepts within biotechnology can be viewed as scary and intimidating to 
both teachers and students.  The relevance for the agriculture industry and consumers is clear. 
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Agricultural education is poised to provide important education, as a necessary link between 
agricultural producers and consumers, for biotechnology understanding. 
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APPENDIX C 
CONSENT DOCUMENTS, INTERVIEW QUESTIONS & CORRESPONDENCE 
 
INFORMED CONSENT FORM 
 
Title of Study: Creating a Framework for Effective Professional Development and 
Classroom Discussion in Biotechnology Education 
 
Investigators:  Stacie Turnbull, Scott Smalley 
 
Invitation to be Part of a Research Study 
 
You are invited to participate in a research study. This form has information to help you decide 
whether or not you wish to participate—please review it carefully. Research studies include only 
people who choose to take part—your participation is completely voluntary, and you can stop at 
any time.  
Please discuss any questions you have about the study or about this form with the project staff 
before deciding to participate.   
 
Introduction and Purpose of the Study 
 
The purpose of this study is to look at how Agricultural Education programs can play an 
instrumental role in providing biotechnology education in a manner which helps students to 
focus on the science behind the biological science processes, rather than the social science views. 
 
Eligibility to Participate  
 
You are being invited to participate in this study because of your position as an agricultural 
education instructor and/or your experience in biotechnology education.  
CHAPTER 2.    Description of Study Procedures 
 
If you agree to participate, you will be asked to complete a written survey, which is estimated to 
take 10 minutes to complete.  These questions will focus on your definition of biotechnology, 
resources used, motivation and barriers in teaching biotechnology education, and perceptions of 
biotechnology education.  
Following the written survey, selected individuals will be asked to participate in an interview, 
focusing on specific perceptions and experiences in biotechnology education.  
 
Expected Time or Duration of Participation:   
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Your participation will last for no more than four months, which includes the need for any 
follow-up questions.  By participating in this study, we are asked to complete only the written 
survey. Any further follow-up interviews will be agreed upon prior to scheduling an interview 
time. Interviews will last no more than 30 minutes, with a potential for follow-up email 
questions.  
CHAPTER 3.    Risks or Discomforts 
 
While participating in this study you may experience the following risks or discomforts: 
embarrassment or emotional discomfort from answering sensitive questions during a survey or 
interview. 
 
CHAPTER 4.    Benefits to You and to Others 
 
It is hoped that the information gained in this study will benefit the profession by producing 
insight used to develop effective professional development and classroom discussions in 
biotechnology education.  It is further hope participation in this study will help you to further 
reflect on the use of biotechnology education in your own classroom. 
 
 
CHAPTER 5.    Your Rights as a Research Participant 
 
Participating in this study is completely voluntary. You may choose not to take part in the study 
or to stop participating at any time, for any reason, without penalty or negative consequences.  
You can skip any questions that you do not wish to answer. 
If you withdraw from the study early, without completing the survey or participating in 
interviews, data collected to that point in time will be destroyed.  
 
If you have any questions about the rights of research subjects or research-related injury, 
please contact the IRB Administrator, (515) 294-4566, IRB@iastate.edu, or Director, (515) 
294-3115, Office for Responsible Research, Iowa State University, Ames, Iowa 50011.  
 
 
CHAPTER 6.    Confidentiality 
 
Research records identifying participants will be kept confidential to the extent permitted by 
applicable laws and regulations and will not be made publicly available without your permission. 
However, it is possible that other people and offices responsible for making sure research is done 
safely and responsibly will see your information. This includes federal government regulatory 
agencies, auditing departments of Iowa State University, and the Institutional Review Board (a 
committee that reviews and approves human subject research studies) may inspect and/or copy 
study records for quality assurance and data analysis. These records may contain demographic 
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and potentially identifying information.  
To protect the confidentiality of the study records and data, the following measures will be taken: 
no identifying information will be attached to written surveys and a coding system will be used 
on all oral interviews. 
 
 
CHAPTER 7.    Future Use of Your Information 
 
Information collected about you as part of this study will not be used or distributed for future 
research studies. Data will be used only by the current research team for the project described in 
this document. 
 
 
CHAPTER 8.    Questions  
 
You are encouraged to ask questions at any time during this study. For further information about 
the study, contact Stacie Turnbull, Stacie.turnbull@gmail.com or Scott Smalley, Ph.D., 
smalle16@iastate.edu.   
 
 
CHAPTER 9.    Your Consent 
 
By continuing to the survey, you are agreeing to participate in this study. Make sure you 
understand what the study involves before you sign. If you have any questions about the study 
after you agree to participate, you can contact the research team using the information provided 
above.   
 
             
Participant’s Name (printed)     Date  
 
 
By clicking below, you are agreeing to participate in this study. Make sure you understand what 
the study involves before you agree. If you have questions about the study after you agree to 
participate, you can contact the research team using the information provided above.   
You may print a copy of this form for your files. 
  
        I certify that I am 18 years of age or over and agree to participate in this research study. 
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Biotechnology Education Interview questions 
Demographic information 
1. In what state or U.S. territory do you live? 
2. What is your gender? 
3. How many years have you taught agriculture education? 
a.   Do you have industry experience outside of education? 
4. What is the size of your school (number of students)? 
5. Would you describe your program as predominantly urban or rural? 
6. Is there any local industry which utilizes biotechnology? 
a.   If so, are they supporters of your FFA Chapter? 
 
Biotech Definitions 
7. Define biotechnology. 
8. Define genetic engineering. 
9. Define transgenic. 
10. What term do you use most frequently in your classroom? (biotechnology, genetic 
engineering, transgenic) 
11. How do you describe the difference between biotechnology and genetic engineering?   
  
Professional Development 
12. Describe the professional development you have participated in, focused on aspects of 
biotechnology. 
a. Was it helpful?  If so, how so?  If not, what made it less helpful for you? 
13. What motivated you to participate in professional development? 
a. Did this professional development lead to a motivation to continue seeking 
resources? 
b. Did it motivate you to increase the amount of biotechnology in your curriculum? 
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c. If no, why not? 
14. Did you feel more confident to teach biotechnology concepts following the Professional 
Development? 
a. If so, why? 
b. If not, what could have increased your confidence level? 
15. At the end of the training, what questions were left unanswered?  
a. Describe the questions you still had. 
b. What could have helped leave fewer questions unanswered? 
16. Was there follow-up after the professional development? 
a. If yes, was the follow-up helpful?  How so? 
b. If no, what method of follow-up would have been more helpful? 
17. Describe the resources you have used in teaching biotechnology concepts. 
a. Do you still use them? 
b. What made them helpful? 
c. What improvements would have made them more helpful? 
 
Biotech in the curriculum 
18. Do you include biotechnology concepts into your curriculum? 
a. If so, in what areas is it included in the curriculum? 
b. What are the barriers for adding (more) biotechnology concepts into the 
curriculum? 
c. Do you feel it is important to be included?  Why or why not? 
d. Is it important for all students to understand the transgenic process? 
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19. Do you feel confident teaching biotechnology concepts? 
a. If so, what has helped you to feel more confident? 
b. If no, what would help increase your confidence? 
20. Do you use biotechnology labs? 
a. If so, what are some of the labs that you use? 
b. If not, what keeps you from using more labs? (such as, knowledge, equipment, 
funding) 
21. Do you have access to funding to include biotechnology resources? 
22. Do you utilize the CASE curriculum in any area?  
a. If so, in what area?  
b. Do you have access to the needed funding to provide the needed supplies? 
23. Can you give me an example of how you use critical thinking skills within your 
classroom? 
24. Do you believe that biotechnology concepts are discussed in other curricular areas in 
your school (such as science or Family and Consumer Sciences)? 
a. If so, is the view favorable for the use of genetic modification? 
25. How important is it to teach transgenics?  Why? 
 
Other information 
26. What other information do you think should be considered? 
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APPENDIX E  
CONCERNS-BASED ADOPTION MODEL (CBAM) STAGES OF CONCERN MODEL 
REPRINTED PERMISSION & CORRESPONDENCE 
 
AIR Copyright 
Request <webmaster@sedl.org> 
 
 
Sat, Jul 13, 2:04 PM  
 
 
 
to me 
 
 
You submitted the following data using the AIR "Copyright Request Form" page 
at: http://www.sedl.org/about/copyright_request.html 
 
This is a courtesy copy of the information you submitted. 
 
CONTACT INFORMATION: 
----------------------- 
Name: Stacie Turnbull 
E-mail: stacie.turnbull@gmail.com 
Job Title = Graduate Student 
Org = Iowa State University 
Mailing Address = 2002 Road Q 
Waco Nebraska 68460 United States 
 
Tel = 4022661529 
Send form to = me 
 
 
DESCRIPTION OF THE SEDL MATERIAL: 
---------------------------------- 
Title = Concerns-Based Adoption Model 
Source = AIR - American Institutes for Research  
URL = https://www.air.org/resource/stages-concern 
 
 
PROPOSED USE: 
-------------- 
Proposed Use = Include in another publication 
Pub Type = Dissertation 
School Attending = Iowa State Univeristy 
School Location = Ames, IA 
Proposed Revisions = There will be no revision to the figure. 
Cost Structure = There will be no charge. 
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APPENDIX F  
CONCEPTUAL FRAMEWORK OF TEACHER LEARNING AND CHANGE 
REPRINTED PERMISSION & CORRESPONDENCE 
 
 
Stacie 
Turnbull <stacie.turnbull@gmail.com> 
 
Sat, Jul 13, 12:40 PM (2 days ago) 
 
 
 
to elewis3, Stacie 
 
 
Good afternoon. I am seeking permission to reprint your "Model conceptual framework of 
teacher learning and change through cognition, self-regulation, that corresponds with cognitive 
learning principles and situated learning with respect to individual values and institutional 
contexts", found in: Lewis, Elizabeth; Baker, Dale R.; and Helding, Brandon, "Science 
Teaching Reform Through Professional Development: Teachers’ Use of a Scientific Classroom 
Discourse Community Model" (2015). Faculty Publications: Department of Teaching, Learning 
and Teacher Education. 197.  
 
This figure would be used within my dissertation, as the conceptual framework, and in possible 
submission of a paper for publication in an academic journal. 
 
Thank you for your efforts. 
 
Stacie Turnbull 
PhD Candidate 
Iowa State University 
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Elizabeth Lewis 
 
Mon, Jul 22, 2:11 
PM (7 days ago) 
 
 
 
to me, Stacie 
 
 
Stacie, 
  
My apologies for my delay in responding to you, I have been travelling a lot this summer and 
keep discovering emails that I haven’t returned. 
  
You may reprint our conceptual framework with the appropriate citations in the text and 
reference section.  The one you sent was just the university’s repository for faculty publications, 
so use the following: 
  
Lewis, E.B., Baker, D.R., & Helding, B.A. (2015). Science teaching reform through 
professional development: Teachers’ use of a scientific classroom discourse community 
model. Science Education, 99(5), 896-931. 
  
Best wishes to you on your dissertation research! 
  
Beth 
  
Elizabeth B. Lewis, Ph.D. 
Associate Professor, Science Education 
Coordinator, Master of Arts with emphasis in science teaching (MAst) program 
Principal Investigator, UNL NSF Robert Noyce Grant – Science Teachers (Track I, Phase II) 
Principal Investigator, Prairie Corridor STEM Education Project - Cooper Foundation Grant 
  
Publications available at: 
http://tiny.cc/mkdl8y 
  
Mailing Address: 
118 Henzlik Hall 
Department of Teaching, Learning & Teacher Education 
College of Education & Human Science 
University of Nebraska-Lincoln 
Lincoln, NE 68588 
 
